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Proceedings o£ the Fifth Meeting of the Indian Roads 
Congress held at Calcutta on February 14 to 18, 
1939. 


The Fifth Sessiou of the Indian Eoads Congress commenced at 3 jj.m. on 
Februai'y H, 1939, at the Hall of the Institution of Engineers (India), at No. 8, 
Gokhale Eoad, Calcuita. The following members of the Congress were present; — 

Madras. 

Mr. A. Nagoswara Ayyar, Hpecial Engineer for Hoad Dovolopment, Madras 
Mr. A. W. Nightingale, Superintending Engineer, Bellary. 

^.Ir. T. IjokauR,tU<!i.n, District Board Eugineci' Coimbatore. 

Mr. K. S. Eaniamurti, District Board Engineer, Anantapur. 

Mr. B, Narashimba Shonoy, District Board Engineer, Calicut. 

^Ir. A. Lakshininarayana Hao, Tyag.arajanagar. 

IMr. P. K. Mukhei'jee, District Board Engineer, ^lasulipatam. 

Mr. B. Satyanarnyana, District Board Engineer, Bajaniundry. 

Mr. G. B. Sankarara, Assistant Engineer, Gudiwada. 

Mr. B. Narayana Murty, L. F. Assistant Engineer, Vizianagram. 

Mr. K. Srinivasan, L. F. Assistant Engineer, Narasapatam, 

Mr. S. Hamauujaebarya, Assistant Enginoor, Anantapur. 

Mr. N. T. Gnanaprakasani, Assistant Engineer, Bezwada. 

Mr. K. K. Nambiar, Dislx’let Board Engineer, South Ivanara, Mangalore. 

Mr. T. Sekharan, District Board Eugiueor, Madura. 

Bombay. 

Mr. E. A. Fitzluu'bort, Superintending Eogineer, Eoad Development, Bombay. 
Mr. N. V. S. Muiti, Executive Engineer, Pharwar Division, Dharwar. 

Mr. A. S. Adke, Engineer, District Local Board, Dharwai*. 

Mr. N. V. Modak, City Engineer, Bombay Municipality. 

Betigah ■ 

Mr. C. W. Tandy Green, Chief Engineer, Department of Communications A’ 
Works, Bengal. 

Mr. J. Chambers, Suporintondiug Engineer, Department of Communications 
& Works, Calcutta. 

Mr. A. N. Bose, Superintending Engineer, Department of Communications A; 
Works, Bengal. 

Mr. J. A. Stein, Special Officor, Bead Fund Works, Bengal. 

Mr. H. A, Keatingo, Exooutivo Engiiicevi.Eajsbahi, Bengal. 



w EngincBr, Department of Communications & 

\\ orks, Bengal. 

Ml. i7. C. Quhai Executive Engineer, Department of Communications & 
Works, Bengal. 

^Ir. U. N. JIukliorjea, Executive Engineer, Calcutta. . 

Mr. S. C, Dam, E.xecutive Engineer, Calcutta. 

Mr. J . N. Das Gupta, Ecliretl Deputy Chief Engineer, Improvement Trust, 

. Calcutta. 

Untied Piovinees. 

Mr. \V. E. W'alkov, Executive Engineer, Meerut Division, Meeiufc. 

Mr. .\, G. linker jee, Executive Engineer, Lucknow. 

R.il S.ahib L. Fatcli Gliand, Seoretaiy-Engineer, District Boarcl, Bqnor. 

Punjab 

Mr S G. Stubbs, O.B.E, Chief Engineer and Secretary to the Government 
of Iho Punjab, Public Works Department, Buildings and loads Branch, 

Mr. R^^Trevor Jones, M.O., Superintending Engineer. Ill Oirele. Public 
Works Doparttnout, Lahore. 

Mr S Basbiram. Superintending Engineer, II Circle. Rawalpindi. 

I Li Mo..» !«., trc- 

Mr. Sila Bara Mcbra, Communications Board, 

D,. rrPrt PtoS Oh«., WS.«0. 

Oenlral Provinces. 

M, P. V. Obn»«., Oh»l W PuMfe wort. Dop-mo.., OooW Pro- 

Vinces and Engineer, Nagpur. 

Kai Bahadur Sunder a . Qjgcej. District Council, Akola 
Mr. D. B- I’-'i''®- Sub-Divisional Otbcei. ins 

Bihar. 

, i„the Government 

MT.W.Lawloy.E5bectti 
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Orissa. 

* 

A. Vipan, Chief Engineev and Secretary to the Government of 

Orissa, Public Works Eepnrtinent, Cuttack. 

^Ir. M. N. Bhuyan, Assistant Secretary to the Government of Orissa 
Cuttack. ' 

Afr. K. Naziruddin. Executive Engineer, Behrampur. 

Mr. W. R. Floury, Executive Engineer, Cuttack. 

Afr. V. Venkatappa Rao, District Board Engineer, Chotrapur, {Ganjam 
District). 

Air. K. At. Bose, District Engineer, Sambalpur. 

Air. AI. Alahapatra, Cuttack. 

Afr. A. K. Sinlia, District Engineer, Cuttack. 

Sind. 

Air. H. B. Parikh, Special Road Engineer in Sind. Karachi. 

Air. G. B. Vnswani, Assistant Engineer, Roads, Afunioipal Corporation, 
Karachi. 

Government of India. 

Air. K. G. AIitcholl, C.I.E., Consulting Engineer to the Government of India 
(Roads), New Delhi. 

Afr. E. F. G. Gilmore, Director, Industrial Research Bureau, Indian Stores 
Department, New Delhi. 

Air. .Tagdish Prasad, Assistant to the Consulting Engineer to the Government 
of India fRoads), Now Delhi. 

Central Public irorA's Department, 

Air. G. AI. AIcKoIvie, Executive Engineer, Central Division, Delu’a Dun. 

Air, B. S. Puri, Executive Engineer, Central Aviation Division, Calcutta. 

Military Engineer Services. 

Air. Af. I. D. Alufti, Assistant Garrison Engineer, Port William, Calcutta. 

Eajputana. 

Air. Alohd. Umar Hnsnny, State Engineer, Tonk. 

Air. G. Ale. 0. Hoey, State Engineer, Jaipur. 

Central India. 

Afr, G. P. Bhandarkar, AI.B.E., Chief Engineer, Indore. 

Air. Prem Nath Bhalla, District Engineer, Garoth (Central India). 

Air. T. C. Guo, Chief Engineer, Rewa State. 

Air. Chandrnma Pevshad, Assistant Engineer, Rewa. 

Punjab States. 

Sardar Balwant Singh, State Engineer, Nahha State. 
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Western India States Aqency. 

Rao Bahadur K. .T. Gandhi, State Engineer, Junagadh State. 

Eastern States Aoency. 

Mr. J. 0. Roy, State Engineer, Gooch Bohar. 

Mr, Anil Kumnr Sen, Road Engineer, Tripura. 

Mr. D. J. Plumley, State Engineer, Bastar. 

Mr, N. N. BisAvas, State Engineer, Jashpur. 

Mr. G. 0. Chatterjee, State Engineer, Udaipur. 

Madras States. 

Mr. V. K. A. Menon, Chief Engineer, Cochin State. 

Deccan States. 

Mr. V. P. Bedekar, State Engineer, Miraj (Senior) State. 

Ilyderahad State. 

Mr, Syed Arifuddin, Supei’intending Engineer, Public Works Department, 
Hyderabad (Deccan). 

Mr. Dildar Hosain, Assistant Chief Engineer, Public Works Department, 
Hyderabad (Deccan). 

Mysore State. 

Mr. N. Laksliminarasimhaiyn, Executive Engineer, Bangalore Division. 

^fr. B. Krishna Rao, Executive Engineer, Mysore Division. 

Gu'alior and liampur States. 

Rai Bahadur S. N. Bhaduri, Chief Engineer, Public Works Department and 
Irrigation, Gwalior. 

Mr. Abdul Jabbar Khan, Executive Engineer, Rampur. 

Kashmir. 

Mr. K. L. Nanda, Executive Engineer, Srinagar. 

Baroda and Gujarat. 

Mr. S. G. Vaishnav, ExecutiA'e Engineer, Baroda. 

Burma. 

Mr. H. Hughes, Chief Engineer, Public Works Department, Prome Court, 
Rangoon. 


Business and Others. 

Mr. W. J. Turnbull, C/o. Messrs. Shalimar Tar Products Limited, 16, Bank 
Street, Bombay. 

Mr. W. A. Griffiths, C/o. Messrs. Burmah-Shell Company, Madras, 



Mr. D, Nilsson, O/o. Messrs. J. 0. Gammon, Limited, Ballard Estate, Bomb.ay. 

Mr. 0. Tkl. Shahani, C/o. Messrs, Braithwaite Burn & .Tessop Construction 
Company, Limited, Calcutta. 

Mr. E. S. Kirk, O/o. Messrs. Braithwaite Burn & Jessop Construction Com- 
‘ pany, Limited, Calcutta, (Mercantile Buildings). 

Mr. P. Munday, O/o. Messrs. Burmah-Sholl Company, Calcutta. 

Mr. A. K. Datta, Consulting Engineer, 6, Hastings Street, Calcutta. 

Mr. 0. J. Fielder, 6, Lyons Range, Calcutta. 

Lt.-Col. H. 0. Smith, O.B.E., M.O., 41, Nicol Road, Ballard Estate, Bombay. 
Mr. D. E. Gough, 41, Nicol Road, Ballard Estate, Bombay, 

Mr. N. Das Gupta, C/o, Messrs. Standard Vacuum Oil Company, Calcutta. 

Mr. C. T. S. Malani, O/o. Messrs. Standard Vacuum Oil Company, Limited. 
Finlay House, Karachi. 

Mr. H. E. Ormorod, Forbes Building, Home Street, Boml)ay. 

Col. G. E, Sopwitb, C/o. Messrs. Turner Morrison S: Company, Limited, 
6, Lyons Range, Calcutta. 

Mr. Siri Ram, Chartered Engineer, 10, The Mall, Lahore. 

Mr. I. N. Khanna, “Engineers House”, Chhippiwara, Delhi, 

iMr. D. S. Desai, C/o. Jlessrs. Braithwaite & Company, (India) Limited, Hide 
Road, Calcutta, 

Mr. 0. D. N. Moares, kfossrs. Standard Vacuum Oil Company, Calcutta. 
Mr.'N. kl, Ohonoy, Bombay Garage, Chaupathy, Bombay, 

Ml*. I. A. T. Shannon, Messrs. Burmah-Sholl Company, Calcutta. 

^fr. A. V. Gliarpure, Supervising Engineer, The Indian Humo Pipe Company. 
Limited, .Jamshedpur. 

^Ir. A. Stuart Lewis, Tiio Concrete Association of India, 12, Mission Row, 
Calcutta. 

Mr. O. C. Kutty Krishnan, Road Engineer, Messrs. Standard Vacuum Oil 
Company, Thamichotty Street, Madras. 

Mr. E. Hayward, O/o. Messrs. D. Walio Company, Konnngar, District 
Hoogly, 


Tiie OongroBS was formally opened liy the Honourable Maharaja Sir 
Srischaudra Nandy, M./\., M.L.A. of Cossimbazar, Minister for Communications 
and Works, Government of Bengal, who was accompanied by Mr. J. E. Blair, 
O.I.E., I.O.S., Secretary to the Government of Bengal, Department of Commu- 
nications and Works. 


In asking the Honourable Maharaja to open the Congress, Mr. S. G. 
Stubbs, O.B.E., President of the Indian Roads Congress, delivered the following 
address : — 

On behalf of the Indian Roads Congress, I accord a most cordial welcome 
to you. Honourable Maharaja Srischandra Nandy and offer 3 ’’ou our thanks for 
coming here today to ' open the Fifth Session of the Indian Roads Congress. 
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Bcfoco I requosfc you, Sir, Lo tleclaro Uio Congress open, I may say a few words 
reviewing its past activities. The fir.st and preliminary meeting of the rntlian 
Eoads Congress was held at the instance of the Government of India at Delhi in 
December, 1034. Tliis mooting was a groat siicooss and clearly established 
the necessity, which was being felt for a long time, of creating a society for the 
interchange of ideas and pooling of experience of road oiigincors, from all over 
India, in road construction and maintenance. The Hooioty was formally consti- 
tuted in 1936 and the Government of India were kind enough to undortako to 
finance the first three sessions of the Congress, and subsequently they financed 
the fourth Session also. Hut the Government of India have always licld that, 
once the Congress had been established, the Governments of Provinces and States, 
and not tho Central Government, would, in the naturo of things, ho in tho host 
position to say whether its continued existence would ho likely to ho productive 
of material benefit in the provision of hotter roads at a reasonable cost and that, 
therefore, its oontinuanco should bo dependent upon tho willingness of those 
Governments to pay tho expenses of tlicir delegates attending tho annual 
meetings. Wo must all, I think, accept tho reason behind this attitude and it 
should now bo our business to oontinuo to deserve tho support of t.ho Governments 
concerned. This arrangement has now boon agreed to and this is tho first 
session at which it is in force, and I think wo might congratulato ourselves that 
the strength of this meeting is a sure sign thattho authorities concerned aro at 
present satisfied that wo are doing valuable worlc. At tho same time I must 
emphasise that the life and vitality of a body of this sort depend upon tho 
willingness of individual members to contribute thoir quota of experience lo tho 
general pool and to como forward rcadilv to conIrilnUc paper.?. It has been 
suggested that, owing to the time which it takes for the ))rocccdings lo ho edited 
and printed and because tho papers have to ho submitto d several months before 
tho date of the Congress, in order that they may bo considered and then ho 
printed up and circulated, twelve months is too short an interval between meet- 
ings to provide for real continuity in tho papers presented and the discussions 
thereon. Hut that, of course, is only one side of tho question and tho personal 
contacts and inspections for which these annual meetings afford opportunity 
are perhaps of equal value to if less spectacular Ilian tho presentation of (lapcrs 
and discussions thereon. Moreover in a country of tho size of India, 1 feel 
that it might he difficult to sustain interest and stimulate the corporate spirit 
of the Congress, which is so necessary, if meetings wore held at substantially 
longer intervals. This is a matter which tho Congress, will have to sot itself 
to decide it not this year possibly next year, and in arriving nt a decision I have 
no doubt that members will apply their minds to the problem from the point of 
view of the essential objects of tho Congress. Bo that as it may, wo aro this 
year standing more or less on our own feet. Wo have by a careful husbanding 
of our resources built up a hank balance of about Rs. 15,000/- and we aro pro- 
posing to separate the office and to become more or loss independent of the 
Government of India save for an annual subsidy of about Rs. 4,000/- which is 
necessary to bridge the gap between our estimated income and expenditure and 
which we trust the Government of India will he able to contribute 

The second, third and fourth sessions of the Roads Congress were held 
at Bangalore, Lucknow and Hyderabad (Deccan) respectively. The papers read 
and discussed at these meetings covered a wide range of subjects dealing with 
modern methods of layout, construction and maintenance of I’oads, lirtdgo 
foundations and superstructure, road research, traffic statistics, safe wheel loads 
etc. Over 50 papers have been presented and discussed during the last four 
Congresses and wo have eleven papers dealing with soil research in application 
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to roads, design ot subinorsiblo and bigJi level bridges, ribbon development, 
priiioiples of road design luid construction, etc. to discuss at this session. It 
will be conceded, 1 hope, that all this represents solid and serious work on the 
part of the Congress. 

The Roads Congress has standardised units ut weight, measure and cost 
to bo used in road specifications, estiinates and reports : has prcsci*ibed standard 
method and form for recording particulars of experinicnts curried out on roads ; 
has standardised specifications for sizes of stone metal and nomenclature for 
bituminous materials and types of construction. It has also laid down standard 
method of recording trailic statistics and has given iiltenlion to the standard- 
isation of Road Signs. 

The Roads Congress has boon responsible for the Government of India 
undertaking to finance the ostahlishmcnb of a Test Track at the Government 
Test House, Alipore, and a scheme of soil research in connection with earth 
roads. Actual tests on roads constructed under vai'ying conditions of climate 
and trafiio using dilTcront materials in different pro]»ortion.s would tako years of 
experimentation wliilo comparative results could ho arrived at in a short time 
on the Test Track. These results should ho of invaluable as-sistaneo to road 
engineers throughout India and should save much time and money that is now 
being speub on scattered experiments all over the country. 

Tho problem of earth roads is as colossal as it is diUicuIt, hut its im])ort- 
anco to a vast population in the countryside, whose prosperity depends on 
transport facilities for agricultural produce, demands of tlioroiul engineer a great 
deal of thought and attention. Tho study of soils in their relation to earth 
roads and road foundations has been made extensively in America and otlior 
foreign countries, hut .so far in no country in tho world has an earth road been 
developed which would stand the iron-tyred bullock cart typical of this country. 
It is realised that any earth road is bound to cut U]) to a greater or loss extent 
by tho thin hard tyre of the common bullock cart and our present aim is I o 
produce, witli reasonable expenditure, a surface whicli would remain compact 
and retain uioisturo for a considerable length of time and which could at 
intervals bo regraded or levelled with a drag wlion conditions of rainfall are 
favourable. Soil research is now being canded out by the soil physicist appointed 
by tho Government of India at tho Punjab RcsearcJi Laboratory, Lahore and a 
road engineer has been appointed by the Punjab Government to act as a liaisou 
oliicer between tho laboratory and the field. A number of soils in the Punjab 
and Sind have already been examine! and very vahniblo information has been 
collected as a result of which field oxperinienls on stabilisation of earth roads, 
subgrados and berms are being carried out in the provinces referred to above 
under the guidance of a sub-committee of this Congress. The results of these 
experiments will ho made available to the Congress at this and subsequent 
sessions. 

Yet another important achiovoraent to which tho Congress can lay claim is 
tho publication of Standard Specification and Code of Practice for Hoatl Bridges 
in India, which is, I beliovo, now on tho shelf of every progressive road engineer 
in this country. This publication should result in tho simplification and 
standardisation of designs and consequent economy in tho manufacture of 
structural members and expedition in tho construction of bridges. The next 
step which wo have to tako will naturally be towards the preparation of typionl 
designs' of various kinds of bridges and culverts for tho standard' loading. This 
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is a big undertaking bub, none the lass, very desirable. With the oo-operatiob 
of experienced engineers in the services and in business it should not bo difficult 
to achieve this object. 

The Eoads Congress has also made a beginning towards the preparation 
of a Code of Practice for roads. Papers dealing with the construction of water 
bound and bituminous surfaces and layout of roads have been brought forward 
for discussion at this session. After discussion the technical suli-committee of 
the Congress will prepare a draft for incorporation in the proposed Code of 
Practice. More subjects will be dealt with in a similar way and it is hoped the 
booklet will be in a fairly complete form before long. 

The scope of activity for a liody like the Eoads Congress is very wide in- 
deed but, as in the case of other similar organisations, its proper functioning will 
depend on its financial position. The Congress is yet in its infancy and has not 
got a decent reserve. On the other hand it is hardly able to balance its budget 
inspite of the promised financial ass stance of the Government of India. The 
publication and distribution of technical books and literature and the preparation 
of standard designs involve financial risk which the Congress cannot at the 
present stage safely bear. It, therefore, looks up to the Government of India, 
Provincial Governments and Indian States for greater measure of financial 
assistance towards its technical activities. It would be a pity if the usefulness 
of the Congress is impaired on account of lack of funds. That the Congress is 
popular is evident from the rapid increase in its membership which now' 
stands at 400 There are, I believe, many road engineers who have not yet 
realised the benefits of membership and I w'ould appeal to Chief Engineers of 
Provinces and States to impress upon the engineers under their control the 
desirability of joining this Congress in order to keep in touch with the latest 
developments in road engineering and reseurch, and improve their knowledge 
and efficiency. 

One of the objects of the Congress is to provide a medium for the ex- 
pression of the corporate opinion of Koad Engineers in India on problems 
affecting the good of roads, and while we must be careful to confine ourselves to 
matters which are strictly our business and not to wander too near the border 
line between administration and politics, it is, I think, our concern and our 
duty to offer our opinion upon matters of administration w'hich concern the 
provision of good roads. The advent of motor transport has revolutionised the 
problems of road construction and maintenance and there appears to me to .be 
something of a lag in adjusting our organisation and finance to the new conditions. 
Prma-facie it is improbable that old and time-honoured arrangements which 
were suitable 20 years ago must necessarily be good at the present day and in 
the future with which we are faced. I have nothing but admiration for the way in 
which the general body of the engineers of local bodies discharge their functions, 
but, at the same time, it is a matter for serious consideration whether a greater 
measure of centralisation of road administration within the provinces is not 
now necessary. Problems and difficulties repeat themselves in neighbouring 
districts and while through this Congress we provide for the interchange of ideas 
and experience, it is questionable whether the official oi'ganisation w’hich leaves 
the several engineers of District Boards to do good "You in your small comer, 
and I in mine,” without adequate knowledge of what each other are doing, — 
possibly repeating tbe same mistakes and the same costly experiments — is not 
now an anachronism. Similarly in the case of provision for maintenance one 
hears on many sides the complaint that, while motor transport is rapidly 



9 


developing and incidentally bringing in revenue through provincial motor taxes, 
the provision for maintenance has not been increased proportionately while the 
provision of funds for reconstruction in surfaces which can be maintained under 
modern conditions more economically than the old water-bound macadam is 
inadequate to make any substantial impression upon the problem. Here again 
I think that it would be legitimate for this Congress to draw attention to these 
two matters, and in particular to suggest that there are parts of India where 
a careful and detailed review of the provision which is necessary for the main- 
tenance of existing road surfaces under present day traffic conditions, is already 
overdue. I believe that in India we have reduced the question of economical 
road maintenance to a fairly 'fine art and that the figures which would result 
from such a review, if compared with the provision of 16 or 20 years ago, when 
roads carried onlj' a fraction of the traffic they now do, and the problem of 
superimposed destruction by two different types had not arisen, would show 
that we are, as Engineers, able to meet the new conditions with a very modest 
increase of funds. But if adequate provision is delayed, much greater expendi- 
ture on reconstruction will be necessary. 

Before closing I would like to give you an outline of the organisation and 
cost of maintenance which exists at the present day in my own province, 
not because I wish to claim any superiority but .merely because after many 
years' association with road matters in that province I feel myself qualified to 
explain our organisation and finance and what we think we have been able to 
affect as a result. For many years past the Punjab Government have always 
recognised the important principle that the scope of any road programme is 
limited more by the funds required .to maintain, in satisfactory condition exist- 
ing as wall as new roads (especially metalled roads) rather than the funds 
required for new construction. With this principle in view not only have 
adequate funds been provided for maintenance but the cost of maintenance has 
been considerably reduced by modernising surfaces on a very large scale. Ten 
years ago out of a total mileage of 1780 miles only 60 miles were surface painted 
and the cost of maintenance was approximately Es. 1,700/- per mile per annum. 
At the present time 3260 miles have been surface painted out of a total milage 
of 3400 and the cost of maintenance has been reduced to less than Es, 1,100/- 
per mile par annum. It is expected that the latter figure- will be reduced still 
further during the next 4 or 6 years. 

The Punjab Government have not only confined their activities to provin- 
cial roads but their ultimate object is also to bring District Board roads (both 
metalled and umnetalled) up to the standard of Provincial roads. With this 
object in view some 350 miles of District Board roads have been provincialised 
during the last 2 years and about 460 will be provincialised this and the next 
year. This will not only considerably increase the surface painted milage in the 
Province but will enable District Boards to improve the remaining roads in 
their charge. Apart from this the Punjab Government have appointed two 
special road officers, namely, a Superintending Engineer (Eoads) who is also 
Secretary, Oommunications Boai'd and as already mentioned an Assistant 
Engineer, whose main function is to carry out experiments on soils in connection 
with earth roads. The functions of the former include activities both on pro- 
vincial roads as well as District Board roads. This officer is assisted in the 
control of the activities on District Board roads by all the Executive Engineers 
in the Province who have recently been appointed ex-officio members of 
District Boards. In this way all road activities have been centralized and are 
controlled by the Chief Engineer of the Province. 
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Sir, I have taken much of your time in briefly reviewing the activities 
of the Indian Eoads Congress and expressing tny views on certain problems. It 
is now iny j)leasant duty to request you to declare this fifth meeting of the 
Congress open. 

The Honourable Maharaja then addressed the Congress as follows: — 

Mr. President and Gentlemen,— 

It gives me great pleasure to welcomo you to Calcutta on behalf of tlio 
Provincial Government and I should like to thank you for the reception which 
you have given me. I trust that you will enjoy your stay here ; and wlien I say 
so I am thinking not only of the pleasure which you will no doubt derive 
from your discussions but also of the pleasure to be derived from the various 
amenities which this City can offer. This is the first time that you ns a 
Congress have visited Calcutta and I have no doubt that you will find that it 
differs in many ways from any of the places in which you hitherto assembled. 
As a large port and centre of industrial and commercial activities it is vitally 
interested in the improvement of all forms of transport, and appreciates the 
thesis of those economists who consider that transport is an essential element of 
production. Calcutta is the most urban of the places at which your Congress 
has assembled, and I am sure that you must have been impressed l)y certain 
outward signs of prosperity and wealth, including the existence of some fairly 
good roads within the City and in its immediate neighbourhood. 

On the other band the Province of which this town is the capital is 
probably, with the exception of the industrial area near the City, less highly 
developed in regard to road communications than the Provinces or States whose 
capitals you have hitherto visited. We cannot even say that a series of magni- 
fioient roads radiate from Calcutta ; and some people may say that among the 
amenities which I suggested the town might offer, facilities for pleasure trips 
by roads cannot be included. Tlie principal reason for the backwardness of this 
Province in the matter of road development is fairly obvious, — it is a deltaic 
area exposed to the vagaries of the monsoon and of a net-work of rivers especially 
in the eastern areas where huge tracts remain under water for many months 
of the year. These conditions I fear have made people despair of ever seeing a 
system of broad highways in this Province, and led them in the past to rely 
largely on communication by rail and river. It is also just possible that in our 
eagerness for too much railway development in the past wo neglected the 
legitimate demands of road-making as an important means of communication. 
Then again there is the view, held by a good many people until recently, that 
road-making was merely an extravagant fad on the part of a few officials — a fad 
which diverted money which might be spent to greater advantage in other 
directions. The development of motor transport has, however, brought about a 
change; and the desire of large numbers of people to enjoy the advantages 
W’hich that ,form of transport so obviously offers has led to the development of an 
interest in roads which sometimes proves embarassing to a Minister of Commu- 
nications who is called upon to say in the Legislature what Government propose 
to do with regard to the construction of a road between two places of which ho 
may never have heard, in some distant part of the Province. 

It is perhaps a sad legacy of the past that at the beginning of the 
present era of mechanical transport, we in this province were not road-minded, 
and our organisation for the study and execution of projects of road development 
was very small. We have, therefore probably been much slower than other 
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provinces in making a beginning, with the result that we have had many unkind 
things said about us by critics both within the province and outside, 1 think, 
however, that we are now getting into our stride and once we have made up our 
mind as to the general line of development to be followed, extensive construction 
will be carried out. I think I can tell you at this stage that we are at iDresent 
concerned with a comprehensively planned scheme for road development in 
Bengal prepared by our Special Officer after laborious work for years together. 
In the course thereof we shall have an ever-increasing need of that knowledge 
of new methods which is likely to be made available in this country as a result 
of your annual deliberations and the research which you carry out between 
one Congress and another. There has Ijeen a serious aggravation of public 
health problems in this part of India and we in Bengal naturally feel much 
concerned over the matter which has intimate connections with Eoad and 
Eailway Development. We shall certainly watch with keen interest if your 
deliberations can bring forward some further material contributions in this 
regard. 

You have referred, Mr. President, to the establishment of a test track at 
the Government Test House at Alipore, and to the scheme of soil research in 
connection with earth roads. Your Congress is to be congratulated on getting 
the Government of India to finance these undertakings, and the provinces have 
reason to be grateful if it was on the recommendation of the Congress that the 
Central Government have agreed to meet the expenditure. We in Bengal are 
naturally very glad to have the test track here in Calcutta and it was a very 
interesting experience for me recently when I visited the Soil Experiment 
Laboratory. 

I think, Mr. President, that you have done well to emphasize the impor- 
tance to this country of the problem of unmetalled roads. I say this because 
there is a danger of the impression getting abroad that now-a-days road 
engineers are concerned only with making roads that are fit for motor transport, 
overlooking earth roads which are of such great importance in the transport of 
agricultural produce. The unmetalled road and the bullock cart, bard though 
the latter is on the former, are likely, for many years to cOme, to be the 
principal factors in goods transport for the millions of people who are engaged 
in the cultivation of the soil. It will be a great achievement if as a result of 
the work done at the Soil Experiment Laboratory means can be found so to 
improve unmetalled roads that they will be able to carry bullock cart traffic 
without deteriorating as rapidly as they do now. But it is not only the ktitclia 
road which suffers from the bullock cart; the metalled road too is exposed to 
serious risk. I have no doubt that you have heard suggestions that bullock 
cart traffic should be discouraged on new roads. I doubt however whether public 
opinion would favour any degree of restriction that would do much good and 
immediate restriction on a largo scale would probably very seriously affect the 
general transportation of goods. Eor the present therefore we mPst see whether 
•anything can be done to improve the bullock cart and to increase the power of 
resistance of the metalled I'oad, so that the man who uses a bullock cart will 
enjoy the benefit of a good road surface, while the man who uses a motor vehicle 
will nob have cause to anathematise the user of the more primitive form of trans- 
port. At this point I should like to say that when I talk of the man who uses a 
motor vehicle I- am not thinking only of the owner of a luxurious motor car or 
the shareholder in a big mechanical transport business, I am thinking also of 
the motor bus passenger and I remember the sa^dng that the bus is the poor 
man's car. 



Improvement in construction should lead to a reduction in tiie average 
cost of maintenance which is an element in road expenditure that many en- 
thusiasts for new construction are apt to overlook. It is important that wider 
recognition should bo given to the principle mentioned by you that the scope of 
any road programme is limited very largely by the funds required to maintain old 
and new roads in a satisfactory condition. I am glad to say that in this 
province in recent years there has been a considerable reduction in the average 
cost of maintaining a mile of road. Tax-payers are looking forward to a 
further reduction as a result of the researches of road engineers like yourselves. 
"We in this province ai*e particularly anxious to see a further reduction because 
the cost of original construction is very high. Wo have to go far afield for our 
metal with consequent heavy expenditure on transport by rail, road and river; 
and as I have said already, we have to take our roads over large river.s and 
other water ways which necessitate to an extent that is possibly not I'oalised 
in other parts of India, the construction of expensive bridges and culverts. -That 
is a reason why we should be grateful to this Congress which has to its - credit 
the publication of standard specification and Code of Pi’actice for Boad Bridges 
in India ; we should be grateful because this publication is likely to lend to 
economy and expedition in construction. We shall take the keenest interest 
in what you have said will be your next step in this department of road engineer- 
ing, vie. the preparation of typical designs of various kinds of bridges and 
culverts for standard loads. 

Mr. President, I was very glad to hear you say that while you and your 
colleagues of this Congress are primarily concerned with technical problems 
of construction and maintenance, you deem it 3'our duty to olTer an opinion' 
on matters of administration connected with road communications; your 
remarks on this subject towards the end of your address wore of very great 
interest to ms. You said that in your province all road activities have been 
centralised and are controlled by the Chief Engineer. Whether our policy will 
develop on similar lines or not I cannot say at present, but the experience of the 
Punjab will be extremely useful to us. Certainly, since the creation of the lioad 
Development Fund very much more work on the planning and construction of 
roads has been done from provincial head-quarters than was previously the case ; 
and I think that local authorities will, to an over-increasing extent, appreciate 
the value of co-operation with each other, and will look tow'ards head-quarters 
to guide and co-ordinate their activities while retaining complete independence 
in regard to communications of local importance. 

I was very pleased to learn that 3mur Congress is now placed on a fairly 
sound financial basis. I cannot of course say how far the Government of this 
Province will in future contribute to your resources, but I trust that if you go 
on as you have begun, it will not be difiScult to persuade the Finance Minister 
that a request for a contribution from provincial revenues should receive his 
very favourable consideration. You will be able to point to the benefit which 
ofiScers of the Communications Department derive from their contact with other 
engineers through the medium of the Congress. Another argument in your 
favour will be your achievements in reducing the cost of construction and 
maintenance as a result of 3'our researches. 

. In conclusion, Gentlemen, I ofifer you m^^ thanks for inviting me to open 
your Conference and I trust that you will take away with you very pleasant 
memories of your Calcutta Session. 
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Papbbs N and 0. 

Jllr. S. G. Stubbs (Chairman) As Mr. Braadon is not hare today and 
Mr. Sita Bam Mehra has consented to introduce his paper for him, I think 
it would be more oonveniant for Mr. Mehra to introduce the two papers 
together. I would call upon Mr. Mehra to introduce both the papers. 

The following two papers were then taken as read : 




PAPEE No. N. 


BOILS IN EELATION TO EOADS. 


A Bibliological Study. 
By 


G. W. D. Bbeadon, 
Disfcricb Engineer, Gnrdaspur. 


Eew branches of angineoring are passing through such" varied and rapid 
changes as road engineering, duo primarily to the motor-vehicle having become 
the predominating factor in road transportation. 

In this Paper the objective is to deal exclusively ^Yith soils in their relation 
to roads— -a subject that is of paramount importance to the engineer employed 
on road making. 

Whatever the top surface of a road might be it should be able to resist 
the wearing action of the traffic passing over it. For light traffic in India 
earth-roads are the most economical, but where traffic is heavy a hard 
surface has bo be created. Such hard surfaces help to protect the subgrade 
against the softening effects of water and by distributing the load of moving 
vehicles over a large area of tho underlying soil the subgrade disturbance is 
materially reduced. It, therefore, offers firmer support to the superimposed 
crust. 

Eoad improvomont does not necessarily moan metalling or paving the 
surface. Barth roads are improved by grading and draining, also by surface 
treatment with calcium chloride or oils and by mixing clay with sand or sand 
with clay, also by coating with gravel, kunkur or other hard binders obtain- 
able locally. 

According to the system of mechanical analysis adopted by the Bureau 
of Chemistry and Soils in America, soils are divided into gram sizes or, as is 
termed in America, "Separates", these are as under: — 


Name of soil. 

Clay 

Silt 

Very fine Sand 
Fine Sand 
Sand 

Coarse Sand ... 
Fine Gravel ... 


Size of particles, 

... below O.OOo millimetre. 
... 0.005 to 0.05 „ 

... 0.05 to 0.1 „ 

... 0.1 to 0.25 „ 

... 0.26 to 0.6 

...- 0.6 to 1.0 „ 

... 1.0 to 2.0 


The physical properties of a soil effect its behaviour on the road and it is 
important to know all about those properties. The physical characteristics of 
soils are Contraction and Expansion, Plasticity. Elasticity, Absorption and 
Permeability. 

' Tho road engineer should be able to say which characteristics are due 
to the component parts of the soil itself, which result from its structure «nd 
which are caused ,by environments. His knowledge of soils should be suoii 
that he can at once lay his finger on soil defects which produce weaknesses 



and faulbs in the mefcilled road or pavement and he should be familiar with 
the physical characteristics of soils and their behaviour when subjected to 
actual traibc conditions. 

Soil characteristics that are usually investigated are (ll The liquid limit ; 
(2) The plastic limit ; (3) The plasticity bidcx ; (4j The shrinhuje limit ; 
(5) The centrifugal moisture equivalent: (6) The field moisture equivalent; 
(7) The lineal shrinhage and (6) The volumetric shrinhage. 

In connection with all these characteristics it is necessary to determine 
the 7noisturc content, i.e., the percentage of moisturo in the soil expressed in 
terms of the dry weight of tlie soil particles, for example if a sample weighs 
30 grams when wet and 24 grams when dry, the moisturo content w’ould bo 


30-24 
24‘ ' 


X 100 


p 

X 100=25 per cent. 

Liquid Limit . — Soil mixed with water so that it can ilow is in a liquid 
state and the minimum moisture required to bring it to that stage is the 
LIQUID LIMIT. 

Laboratory tests have determined the following comparative figures for 
liquid limits for soils : — 

Sands 20, Silts 27, Clays 100, Diatoms 1G3, Colloids 399, Mica Flakes 
123, and Peats 445. 

Thus a liquid limit between 20 and 40 might indicate n mixture with 
sand or silt predominating, while limits higher than 40 point to the presence 
of mica, diatoms, organic mattei', clay or colloids. 

Mica is the name given to a group of Silicates having a perfect basal 
cleavage into thin, tough and shining plates, formerly used instead of glass. 
^lica-Schibt and Mica-Slate are both laminated rocks. 

Diatoms . — A diatom is any individual of tlie genus Duitoma or of the 
order Diatomaccae, a group of microscopic algae with siliceous eoverings, 
which exist in immenbe numbers at the bottom of the sea, multiplying by 
division or conjugation, and occurring as fossils in such abundance as to form 
strata of vast area and considerable thickness. 

Colloid . — Chemically an uncrystalliznble, semi-solid substance, capable of 
only very slow diffusion or penetration. Colloidal matter is the gelatinous 
or gluey substance found in clays of a sticky nature. In soil classification 
. anything in clay measuring 0.001 millimetre in diameter is termed Colloid. 

Peats embrace all kinds of decayed and partly carbonized vegetable 
matter found in boggy places and used as fuel. 

Plastic Liinit . — The minimum amount of moisture needed to knead 
a soil so that it can be rolled out into strands of '/sth inch diameter is 
termed the Plastic Limit. Silts, clays and colloidal clays are i)lastio, while 
sand, peats, mica and diatoms crumble away when rolled and consequently 
have no plastic limit. It has been determined that silt has an average plastic 
limit of 20, clay an average of 45 and colloids an avei'ago of 46. 

Plasticity Index. This is taken as the difference between the liquid 
limit and the plastic limit. This index show's the cohesiveness of a soil and 
indicates its power to change its shape without appreciably altering its 
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volume, TIte plasticity index of sand is fixed at xero, because it has no 
plastic limit. The same applies to peat, mica, and diatoms. The classi- 
fication of soils by Atberberg ^Yibh veg,ird to plasticity indexes is as under : — 

Friable ... ... less timn 1 

Feebly plastic ... ... 1 to 7 

Medium plastic ... ... 7 to 15 

Highly plastic ... .... greater than 15. 

Shrinkage Limit. — Evaporation of water causes shrinkage in a soil up to 
a certain degree, beyond which decrease in volume does not occur. At Ihis 
stage the soil has reached its shrinkage limit, in other words the moisture 
content at the stage when the soil changes from the semi-fluid to the solid 
state is the shrinkage limit. Between the plastic and the shrinkage liniits 
no direct connection has been established, but it is generally known that the 
smaller the shrinkage limit, the greater the volume change corresponding to 
a given variation in the moisture content. 

Beferring back to the plasticity index classification the shrinkage limit 
may be given as follows : — 

Friable soils ... ... between liquid limit and 60 per cent 

of that limit. 

Feebly plastic ... ... 25 to 30 per cent. 

Medium plastic ... ... 20 bo 25 per cent. 

Highly plastic ... ... 15 to 20 per cent. 

Moisture EquivaUnt. — It is necessary to distinguish between imperme- 
able, permeable and porous soils. This is effected hy subjecting the soils 
under centrifugal force to a pressure of 28.5 pounds per square inch. Tlio 
moisture content of a soil, which has reached saturation point and then, for 
an hour, subjected to centrifugal force equal bo one thousand times the force 
of gravity, is called itn centrifugal moisture cquirahni. In this manner wo 
can readily distinguish the impermeable soils — clays and colloidal clays — 
from permeable soils — soils with sand, silt, flaked-clay, mica, peat, diatoms 
etc , predominating, and from sand, which is porous. This test shows also 
the capillarily of the soils. Thus sand, which is porous and allows the free 
passage of water through the soil, has but little capillary attraction and 
merely bulks slightly when wet. On the other hand capillary action in 
permeable soils result in frost-lift and expansion-fractures. 

Field Moisture Equivalent. — Mr. A. G. Bruce defines field moisture 
equivalent as the maximum percentage of water a soil will absorb when its 
moisture content is gradually increased hy adding water. For sands the field 
moisture equivalent indicates porosity, whei'eas, in the case of moist 
compressed soils, it indicates the degree to which they can absorb water and 
expand and the degree of cohesion they possess. 

A soil is apt to contain oxp.\nsive materials, such as mica, in detrimental 
quantities, when the field moisture equivalent is either equal to or greater 
than its centrifugal moisture equivalent. Thus harmful micacious silts can 
eaBily.be detected. 

Lineal and Volumetric Slirinkage. — Boll out, as uniformly as possible to 
a length of about 18 inches and a diameter of about 2 inches, a quantity of 
soil that has been wetted with water equal to field moistui'e equivalent and 
measure it in the YVeb ; next let it dry and then measure again and worls 
out the per cent shrinkage. In order to determine the volumetric 
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shrinkngo the following curve dingram shall have to bo- used. Below it is 
another diagram for determining the shrinkage liinit with the field moisture 
equivalent as the basis for determining the shrinkage. Por reliable 
compai'ison of volume changes the amount of water to bo applied to soils 
should bo based on the total surface area of soil particles, hence the field 
moisture equivalent has been used as a basis in the diagram. 

Diagram No. 3. 
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It is generally accepted that a lineal shrinkage of 5 per cent for which 
the corresponding shrinkage in volume is 17 should be regarded as the 
maximum permissible value for a good soil. (See Diagram No. 1). 

When the liquid limit of a colloidal soil exceeds 35 (See Diagram No. 2) 
the shrinkage m volume is likely to exceed 17 per cent and hence the lineal 



shrinkage is likely to-exoeerl 5 pev cent. In arid regions in fcho hob season the 
sub«rade will dry oufc and shrink leaving the hard road surface without support. 
Clays change more in volume than silts, while sands remain move or less 
constant depending on their degree of porosity. From this ibis clear that 
volume cliange depends on soil particles — the finer the particles the greater 
will bo the change in volume, while coarse sands \vill show no appreciable 
change. 

It might here be pointed out that the field moisture equivalent, the lineal 
shrinkage and the shrink.nge limit are inter-related and with the help of the 
curves in the diagram the shrinkage limit can be determined from the other 
two values. First of all locate the intersection of the lineal shrinkage (vertical 
line) and the field moisture equivalent (Horizontal lino). Then estimate the 
value of the shrinkage limit by finding the position of Lho point with respect 
to the curves. The attention of road-engineers is particularly drawn to this 
paragraph for, in addition to surface waves produced by a roller, the drying 
out of the subgrade has a groat deal to do with "corrugation”, as also 
"heaving". 

The stability of a soil depends on the character of the soil and the i*o- 
sistance that it offers to loads passing over it is contingent on INTERNAL 
FRICTION of its component particles, COHESION between particles, 
CAPILLARY PRESSURE, ELASTICITY, and LIABILITY TO CHANGE 
OF STATE UNDER EXTERNAL CONDITIONS. 

Clays are highly cohesive ; sands are high in frictional rosistanco ; micas, 
diatoms and organio matter are elastic and rebound wlien pressure on tliem 
is removed and since they cannot bo ponnanenlly compacted they make 
bad subgrades. Sand has no cohesion, but great frictional resistance and its 
bearing capacity increases under heavy load. Clay has cohesion, but hardly 
any frictional I'esistance, especially when soft and its bearing capacity is very 
low. The finer the soil jiarticlos the moro variable are the cohesive and fric- 
tional properties of the soil under field conditions. The resistance due to cohe- 
sion does not depend on external pressure, wlioroas external pi’essuro increases 
frictional resistance. Molecular attraction of water, or capillary pressure, 
causes surface friction between soil particles and produces a certain amount 
of cohesion. Cohesion and internal friction depend not only on the com- 
position of the soil hut on tlio state of the soil — whothor it bo wot or dry. 


Contraotion and expansion in the volume of a soil are caused by the 
throwing off of water in the first case and the nl)Sorption of water in the next. 
The capillary pressure in a soil in liquid form is Zero and no further change 
in volume can take ifiace by the addition of water, although the particles w’ill 
disintegrate and the soil flow. The semi-solid stage is reached when evapo- 
ration occurs and capillary pressure is developed. This pressure goes on 
increasing as evaporation progresses and shrinkage occurs until the shrinkage 
limit is reached, when capillary pressure ami internal resistance _ to further 
reduction in volume are balanced. After this further evaporation merely 
causes capillary tubes to merge into the soil without causing shrinkage. 
Clays, colloids and mica, which possess both cohesion and capillarity in laige 
amounts, are highly expansive soils. 


In the ease of sand, a certain amount of bulking does take place when a 
moderate quantity of water is added to it. This 

■thin film’ over the sand particles and pushes them slightly apart, but 


of a 
this 



volutno again roducos when tho point of saturation is roaclied and tho voids 
arc filled. Thus wet sand reverts to the original voliimo of dry sand. 

Tho interstices, such as pores or voids, in a soil detorininc its porosity 
and soil density is measured liy its porosity, which in itself depends on the 
shape and disposition and proportion of tho soil particles. The loosest soil 
consists of round particles of uniform size. A more compact soil contains 
particles both largo and small. Angular particles, liko chins do not compact 
so well as round particles of varying sizes. Cubes pack better than flats. 
Whether soil particles arc largo or small porosity does not alter ns long as 
particles are of uniform size. 


Porosity can bo graded as under : — 


Small 

Medium 

Largo 

High 


When less than 5 per cent. 
Hetween 5 and 20 per coj)t, 
Greater than 20 per cent. 
Greater thnn 00 per cent. 


^lost soils fall under the last named clast. 


Porosity mny be found hy tho formula 

P = .,00 

in which P = Porosity 

Vv ==* Total volume of voids in mass of soil. 

V» = .Misoluto volume of soil particles in mass. 

There is also another formula 


P = 


0 

1 


XlOO 


in which o = Void ratio; given in the following table for the sake 
siinphficiition : — 


of 


Soil. 

Sand 

Silt 

Organic matter 
Clay 

Diatoms... 

Mica 

Colloids ... 


Voitl ratio at 
Liquid Limit. 

... 0 5-1 

... 0.71 

... 2.00 
... 2.66 
... 3.19 

... 3.-U 

... 8.18 


When a soil changes voluino on account of moisture content, tho rate 
is proportional to the difTcrenco in tho volume of moisture in it, and the 
constant that expresses tlie change r.itio in soil volume to moisture content 
is called Slirinlcage Itatio. 


Bulking of Sand . — When a moderate amount of water is added to sand 
it bulks, but this bulking is not the same as the expansion duo to capillni-j' 
pressure. 



Permeability . — The rate at which watat passes through a soil to a sub- 
drain can be determined by the formula : — 


V=K 


Jl 

2b 


in which V= Velocity in centimetres per second. 


K=CoeflScient of permeability. 

H=Di£ferenee in elevation between sub-drain and highest 
ground-water level under hard crust, in centimetres. 

b = Horizontal distance from drain to point at which h is 
measured in centimetres. 


The value of K depends on soil type, thus 

Coarse Sand ... ... 0.02 

Fine Sand ... ... 0.001 

Diatoms ... ... 0.00005 

Clay ... ... 0.0000002 

In the formula given above please assume the average head causing flow 
of w'ater to sub-drain as equal to ^ h. 


Conolusions . — The study reveals the following salient features : — 

1. Subgrade soils provide a largo variety of support differing in inten- 

sity from high to loio, in character from firm to elastic and in 
uniformity from constant to variable. 

2. Character of support depends on soil constituents, on soil structure 

and on field conditions. 

3. Intensity of support in uniform subgrades depends upon cohesion 

and internal friction, the area of load distribution and the weight 
• of the superimposed road crust. 

4. High cohesion or high internal friction, or both combined, is need- 

ed for high subgrade support. Stiff clays have high cohesion, 
while sands have high internal friction. Olay loams and sandy 
loams combine high cohesion and high internal friction according 
to their composition. ' 

5. The greater the internal friction, the greater will be the improve- 

ment extended to the subgrade by the distribution of load over a 
large area, or by increasing the dead weight of the superimposed 
crust. 

6. Side drains constitute an important feature in road construction. 

7. Do everything possible to prevent water from entering the subgradc 

from the sides as well as from the surface of the road, 

8. Subgrades are improved by adding clay to sand, sand to clay and 

both sand and clay to silts. 




DISCUSSIONS ON PAPER N. 


Mr. S. B.. Mehra (Punjab) : — I have agreed to introduce Mr. Breadon's 
paper for him but probably for want of time Mr. Braadon has nob been 
able to get in touch and discuss the paper with mo, so that I do not know 
what the precise object of writing this paper is. Consequently I am not 
in a position to say very much by wn3' of introduction. 

One thing, however, I should like to point out on Page 2, fourth 
and fifth lines from the bottom. It seems tiiere is some mistake in 
this case as silt is a non-plastic material. It is quite possible that by 
“silt" the author means that stuff which comes through the 200 mesh sieve, 
being a mixture of silt and clay. 

Mr. S. G. Stubbs (Chairman); — wish to say a few words in intro- 
ducing Mr. Breadon’s paper. Mr. Breadon has carried out road-grading in 
the district of Biltispnr, Punjab, for the last ton years and the soil there 
is of a gravelly nature ; it particularly lends itself to road-making. I 
presume Mr. Breadon’s object in writing this paper is to pursue the subject 
a little further. He has got quite successful results with road-grading up 
to date. Presumably ho wishes to improve the soil in his District in order 
to get still better results. 

There are two names of gentlemen who wish to make observations 
on this paper. One is Bai Sahib Fateh Chand and the other is Mr. Dildar 
Hosain. 1 should like Bai Sahib Fateh Chand to speak first. 

Bai Sahib Fateh Chand (United Provinces) : — ^Tho author in his conclu- 
sions says : *Do everything possible to prevent w'ater from entering the 
subgrade from the sjdos as well as from the surface of the road’. I agree 
with t]]e author if he moans thereby that both the surface and the subgrade 
should bo protected against water damaging the same by its penetration 
through the surface or flowing across the. subgrade washing avfky any 
portion thereof. But the presence of moisture in the'subgrade or in its close 
proximity is definitely useful in maintaining a strong base by preventing 
disintegration of tho soil. 

I was very fond of raising my roads to keep tho surface dry at all 
times of the year up to 1927, when I went to the Punjab to see the road 
graders at work there and came across a note written by the Seeretarj' to 
the Board of Communications of that Province. In this note tho said 
officer had greatly stressed upon the point of avoiding unnecessary raising 
of the' surface above the ground as the moisture in the soil helps tho stabiliz- 
ation of the road surface a great deal. On my return to the United Provinces 
I stopped raising the roads except where water .stagnated or overtopped the 
road surface and found that the original surface was at least twice as good 
as the raised one. On tho same type of soil and for the same traffic and 
weather conditions the number of patches noticed on the original surface 
were only one half to one third of those noted in, tho raised surface. This 
experience has been further confirmed during the past 12 years and I have 



noticed that roads where the soil had moisture in close proximity stood 
much better than those in high embankmentsi 

While, therefore, I agree with the Author that the water should not be 
allowed to displace any portion of the surface or subgrade, I hold that the 
subgrade should not be wholly deprived of the moisture which is very helpful 
in stabilization of the soil. 

Mr. Dildar Hosain (Hyderabad-Deccan) The formula given for 
determining the rate at which water travels through the soil to sub-drain is 



I suppose H is a misprint for h in the symbols. Here the value of K for 
permeable soils sucb as loam, soft or hard moorum is not given. It is also 
not known whether the value of K tor clay is given for the soil in the natural 
state or whether it is applicable to the case of road embankments, but it is 
presumable that the value refers to the soil after it is excavated and used for 
the road. Applying the formula to the case of a high embankment over 
which a road passes, as for instance, some of the roads which pass over 
tank bunds in the Deccan and South India, and taking a hypothetical case 
where h=30 feet we get the following result: 



V = K. 450 


9600 

Now assuming that the value of K for mixed soil as in the case of tank 
bunds is an average between Diatoms and clay, i.e. . 000,025, V works out 
equal to .000,001,2 centimetres per second. But it has been observed in 
the case of bunds provided with base drains, that it is about 2 foot to 1 foot 
per second. If the values as given represent the actuals, it would mean 
that the embankment is anything but permeable and conditions might arise 
when there would be either a slip or a settlement. 

It is not known whether the formula has been evolved from some 
experiments, and whether the values of K should not be further investigated 
BO as to be applicable to a wide range of soils. 

It would be interesting to know whether V is the average velocity of 
permeation or that after petmeation is complete. , 



Mr. Syed Arifuddin (Hyderabad-Deccan) We have had a very 
interesting paper on chemical and physical properties of soils. It is worth 
while to conduct these experiments on various types of soils suitable for 
road making and determine the limits of various properties for soils suitable 
for subgrades and for surface. It is only then that practical advantage 
will be obtained from the knowledge of this nature. I feel that it will be 
interesting to know the effects of mixtures of various soils on the properties 
mentioned in the paper and their corresponding improvement for road 
construction. 

There is one point about which my observation differs from the 
author’s. He has stated in his paper that a certain amount of increase of 
volume takes place when a moderate amount of water is added to sand and 
then when the point of saturation is reached by the addition of more water 
the wet sand reverts to the original volume of dry sand, I have tested 
this point many a time but I did not notice any bulking of sand and 
subsequent shrinkage to the original volume ; on the other hand I nlway's 
noticed that after the saturation point is reached and a layer of water was 
allowed to stand over the top surface of sand the volume decreases below 
the volume of dry sand. I attributed it to the lubricating effect of water 
which reduced the friction and caused the sand to settle. On account of 
this fact I had to insist on pi'ofusely watering and tamping the sand found- 
ations of some of the buildings by which the volume was reduced by nearly 
25 to 30 per cent of the original volume of dry sand. I would like to know 
whether the experience of the author can throw some light on the different 
behaviours of sand in tbs matter. 

Mr. S. K. Ghose (Bihar) : — decided not to open my mouth but have 
at last found it necessary to say a few words in this connection. 

I think the author should have given us some information about the 
most important books in which we could find original standard references 
on the subject under consideration. I find that there are certain inaccuracies. 
The grain size for silt is given as 0.005. The grain size for fine sand should 
be .05 minimum, and not 0.1. Of course you may say what is the good 
of this juggling with figures ; but if we are to carry out the soil experiments 
throughout India, — not only in the Punjab, — we should try to settle down to 
a practical basis and grade our soils according to certain definite standards 
as established by the American Bureau of Standards Testing of Materials. 
When I wanted to start soil experiments in relation to this line I found 
that I could not get standard sieves in India ; they wei'e only available 
readily from America. I think that the Indian Boads Congress would 
do a good thing if they could arrange for standard sieves by means of which 
experiments could be carried on in the Provinces, I think only one set 
of experiments carried on in the Punjab will not do for the whole of India, 

In Page 2 (n) I find the question dealt with regarding liquid limit, 
the plastic limit and the plasticity index. The moisture equivalent dealt 
on page 3 (n) is' not very clear. • At least I cannot understand it. Then 
there are certain repetitions at the bottom of page 5 (n). It is written 
that “in the, case of sand a certain amount of bulking does take place when 
a moderate quantity of water is added to it. This spreads in the form 
of a thin film over the sand particles and pushes them slightly apart, but 
this volume again reduces when the point of saturation is reached and the 
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voids are filled. Thus wet sand reverts to the original volume of dry sand”. 
The same thing is repeated at the bottom of page 6 (n), hut tlie explanation 
of the phenomenon is not given. 

Mr. Mehra (Punjab) : — I shall reply to the points raised in connection 
with Mr. Breadon’s paper. 

Rai Sahib Fateh Chand expressed that according to liis experience of 
earth roads, the presence of a lot of moisture in the subgrade was beneficial 
rather than otherwise as stated by Mr. Breadon. 

Whereas this is true in the case of unmotalled roads due to the ease 
with which they can be repaired it is not so in metalled ones and it is to the 
latter category that Mr. Breadon’s remarks apply. In metalled roads, 
too much moisture in the subgrade would soften the clay soils through 
capillary action and by causing unequal settlement under travelling loads 
will result in depressions and corrugations in the metalled surface. 

Mr. Dildar Hosain queried whether the capital H in line G page 7 (n) 
was a misprint for small h. This is really so. Ho also asked whether V rep- 
resented the mean velocity of fiow through the soil. I am afraid this will 
have to be referred to Mr. Breadon. Sj'od Arifuddin said there was no bulk- 
ing in sand. Bulking definitely occurs in loose sand under manipulation 
with change of moisture. There is no bulking, however, in undisturbed 
sand and this is I think, what Syed Arifuddin is refeiTing to. 

Mr. Gbose referred to the confusion in particle sizes of sand, silt and 
clay. These sizes are entirely arbitrary and are different in the case of 
different workers. In America they havo tentatively standardised these 
sizes. Individual workers would be well advised to select any one system 
and stick to it, so that they can easily compare and correlate their 
results. 

Mr. Ghose said that he did not understand what plasticity index was. 
It is the numerical difference between the liquid limit and the plastic limit 
which both can be determined by simple experiments described in my 
paper. 


CORRESPONDENCE. 


Comments made by Mr. F. t. D. Wooltorton, Exeentive Engineer, 
Shwebo, Burma, by post, on Paper No. N. 

The author deserves the thanks of Road Engineers for his simple 
exposition of some of the fundamentals of Soil Mechanics though many 
of them will doubtless be disappointed that a Bibliography does not 
accompany the Bibliological Study. The Congress is also to be congratulated 
on promoting interest in Soil Mechanics by publishing this preliminary 
information. The paper is believed to be one of the first or perhaps even 
the first in Soil Mechanics to bo published in India. It is hoped that it 
will bo received with the interest it lightly deserves and bo the fore-runner 
of further papers and perhaps even of controlled research, 
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The paper is an elementary one as indeed is at the present time most 
suitable — and as such loads to little direct discussion. 

Perhaps a few general remarks will be permitted. 

Prom the paper it might appear that Soil Mechanics has been reduced 
to a series of mathematical formula. Such an impression must be care- 
fully guarded against. Soil Mechanics or, in particular, the Study of Soils 
in Eolation to Eoads, is a very intricate subject embracing many branches 
of science and including their respective specific problems, some of which are 
referred to in a paper entitled “ Soil Mechanics " appearing in December 
issue of ‘Indian Hoads’. Soil Mechanics, perhaps more than any other 
subject, illustrates that the various branches of scionco cannot bo divided 
into water tight compartments. 

Many soil chemists will agreo that the Soil is the last of creations 
products to bo treated mathematically. Its study requires considerable 
and wide knowledge and perhaps more sympathy and understanding. It is 
a living subject chemically active and continually changing. It cannot bo 
considered as inert sand, diatoms or mica separately as might be. The life 
stream of soil consists, in part, of moisture movomout containing salts in 
solution with its attendant transpiration or moisturo in vapour form. It is 
on this life stream that the properties of soil directly or indirectly depend — 
its permeability, cohesion, etc. In tropical and subtropical areas these pro- 
perties may vary from month to month as the direction and amount of 
moisture movement varies, though to what extent is not yet known. 

The author seems to have fallen into the common error regarding 
“Colloids”. 


Strictly speaking, there may bo very little true colloidal matter, 
whether in a sol or a gel form, in the mechanical fraction called colloid. 
This fraction is moro accurately designated as that having certain colloidal 
properties. Part of this matorinl having colloidal properties consists of 
fundamental clay minerals, or mixtures of clay minerals, depending upon the 
weatliering process to which the soil has boon subject in the geological past. 
These minerals when pure or soil colloids when impure are incorrectly 
described as uncrystallino. X-ray examination has proved that many are 
crystalline with a definite crystalline lattice structure. As regards the rest, 
information is not yet available. 

Cohesion has not received the prominenco it deserves and members of the 
Congress are referred to Terzaghis “ Principles of Soil Meobanics ”, Engineer- 
ing News Eocord, Vol. 95, No. 19, November 6, 1926 and the Proceedings 
of the International Conference on Soil Mechanics and Eoundation Engineer- 
ing, Harvard, 1936, 

The author has some very interesting remarks to make on the very 
important soil property of shrinkngo limit and I would bo very pleased to 
hear from what source those were obtained. 

The connection between the shrinkage limit and the "heaving" 
referred to in the paper is believed to be a very real one and will be dis- 
cussed with data in a paper under preparation by me. 



The aubhor has given a table showing some connection between the 
plasticity of a soil, its liquid limit and its shrinkage limit. I believe that 
this should be used with considerable caution. The table may hold for 
certain soils formed under some particular system of weathering but data at 
hand does not seem to bear out the correlation for the tropical soils examined 
by him. 

In conclusion, one final word on the practical application of Soil 
Mechanics. It has been frequently stated that designed stabilized surfaces 
should not be less than 4 inches in depth and that they are unsuitable for cart 
traffic. I have constructed stabilized surfaces utilizing calcium chloride 
and Liquid Asphalt No. 2 of only 2^ inches thickness which have withstood 
exclusively cart traffic and recommend the study of this application of 
stabilization to the design of Cart Berm Boads. 

Note '. — A reply to the discussions could not be obtained from the 
Author. 
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THE USE OP SOIL STABILIZATION IN UN-METALLED AND 
METALLED EOADS IN INDIA. 

Bt 

SiTA Eam MehrA, Assoc. M. Insfc. G.E., 

Sub-Divisional Officer, Public Works Deparbmonb, (Buildings and Hoads), 

Lahore (Punjab). 


During the writor’s recent extensive tours througli the various countries 
of Western Europe, made with the object of studying tho modern develop- 
ments in highway engineering, tho writer was particularly struck with tlie 
importance that was being attached to tho role played by soil, in all kinds 
of highways, as a consoQUonce of which, tho subject of soil mechanics was 
receiving great attention every whore. 

Well equipped soil laboratories under tho direction of soil engineers 
already exist in England, Germany, Prance, Switzerland, Sweden, Norway, 
Holland and Italy, and are being fast equipped in Belgium, and other smaller 
countries. And as it is generally felt, that the present knowledge of the 
engineering properties of soil is far behind tho times, there is feverish activity 
in soil research, to be observed in almost all the countries. 

In the case of Indian roads, although tho groat importance of soil 
mechanics is obvious on account of tho very large milage of soil ro.ads, the 
subject has unfortunately boon so far ignored by our engineers generally. 
The time is long overdue, that a systematic study was made not only of tho 
soil as such but also of its behaviour on the road. It is with tho object of 
presenting before tho Indian Eoads Congress for discussion, some of the 
writer’s ideas and experiences, with regard to tho economic use of stabilized 
soil in the construction and maintenance of Indian roads, that this paper has 
been written. 

Tho writer’s conoeption of a stable soil is that which, like concrete, has 
got its requisite quantities of coarse material, its filler and its binder. 
The coarse material in tho form of sand, provides internal friction and 
hardness ; the filler, in tho form of silt provides embedment for sand 
grains; and the binder in tho form of clay, coats tho surface of silt 
and sand and provides cohesion, duo to its natural sticknoss. This cohesion 
is further augmented, by tho surface tension of tho thin films of moisture 
covering the various particles. 

The reason why under similar conditions, some soils behave bettor than 
othorS) is that- they have a bettor proportioning of tho three constituents 
enumerated above. . It is generally agreed that the ideal proportions are, clay 
6 to 10 per cent, silt 10 to 20 per cent and sand 70 to 85 per cent, for normal 
conditions of moisture. Tho quantity of clay has to bo correspondingly in- , 
creased in unusually dry areas and decreased in unusually wet ones. 
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Our existing methods of construction and maintenance of unmetalled 
roads do not take into consideration, the economic possibilities of improving 
deficient soils. A very popular practice is to give a clay “ topping ” over 
sandy reaches. Leaving alone the expenditure part, it is not at all a 
complete remedy, because clay is as bad for traffic in ^vet weather, as 
sand is in dry weather. .Again, looking at it from the economic point 
of view, it would be far cheaper to mix the required small quantity 
of clay to the sandy soil than to cover the whole thing up with Jmported 
stuff. It would also result in a much more stable mixture, which, besides 
being more durable and less expensive to maintain, will rank far closer to 
“all weather” road than the clay topping. 

Similarly in reaches where the natural soil is too rich in clay, it would 
appear advisable to add the requisite quantity of sand, if available within 
reasonable distance. 

Where the necessary material is not economically available, the use of 
bituminous emulsions, or cement or lime could be considered. 


To the earth berms of the metalled roads, having a narrow width of 
metalling, the same remarks apply as to unmetalled roads. Besides eliminat- 
ing a great deal of the dust nuisance in dry weather and the mud nuisance 
in wet weather, along with the risk to human life and property involved in 
both, it would be far cheaper to maintain the berms, if the soil is stabilized. 

Still another use of stabilized soil, could bo made in the construction of 
the metalled portion of the road or in widening the existing metalling in as 
mu^eh as, the brick on edge soling used in water bound macadam could pro- 
bably be replaced by stabilized soil at about one fourth of the cost. 

experiments carried out by the w'riter have shown that it is 
possible to water-bmd the metal directly over stabilized soil foundation but 
It 13 too early yet to say, whether it will wear well. 


But the recommendations made above, can only be usefully employed if a 
systematic laboratoij analysis of the soil and the available admixtures is 
carried out. It would also appear necessary to study by observation and local 
enquiries the behaviour of the soil m the field and to collect data regarding 
weather conditions. This is what was done by the writer in carrying Lut 
the stabilization experiments described in this paper. ^ ® 

So far as the laboratory examination of the soil is concerned the follow- 
mg simple tests were considered to be sufficient louow- 

3fcch(iniccil Anctlysis. — ^Vheueas until a few vnnvc nnn iu l 
sand, silt and clay were used in a very vague sense, modern ’reselllh“n 
America, has tentaWely standardised the definitions of these terms on 


Sa?id.— The material which passes through No 10 sieve j 

number 200 eieve (A.ai.M. Irefe nJmW) 

Stfi.— Particles between 0.06 and O.OOo millimetre diameter. 

Ofay,— Particles finer than 0.005 millimetre diameter. 


Sand was separated out by sieving through a 200 mesh 
fraction passing through, waS a mixture of silt and clay. There 


sieve. The 
are various 
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methods of determining the percentage of clay in this mixture, Dig, the 
pipette method, the hydrometer method, eluti-iation etc., but all of them 
are too laborious to be adopted by the average engineer, -who lias to do Ins 
own laboratory work. 

An idea of the quantity of clay in a soil can be obtained from its Plasticity 
Index, which is an indication of the cohesive properties of the soil sample, 
being the range of moisture content within which the soil remains plastic. 
Consequently this method was adopted. 

The Plasticity Index of a soil is the diilerence between its liquid Limit 
and its Plastic Limit. The last two soil constants were determined by the 
following simple laboratory experiments, which have been adopted as Tenta- 
tive Standards by the American Society for Testing Materials. 

(J5) Liquid Limit . — About 30 grammes weight of the pounded soil passing 
the number 40 sieve (A. S.T.M.), was- taken in a 4 inch porcelain disband 
thoroughly mixed with gradually added water, with a spatula, till it became 
pasty. It was then smoothed off and grooved into two portions with a 
special.grooving tool of standard size. Holding the dish firmly in the right hand, 
with the grooves parallel to the line of sight, it was lightly tapped horizontally 
against the palm of the other hand ten times. If the lower edges of the 
two soil portions just flowed together after ten strokes, it was taken to be 
correct moisture, otherwise a little mors water was added and the process 
repeated. A small portion of the wet soil was weighed and dried in an 
electric oven at about one hundred and ten degrees centigrade and weighed 
again. 

The Liquid Limit was calculated from the following formula : 

T . . a T * 'i Weight of wet soil — Weight of dry soil , __ 

Liquid Limit = — ^ XlOO 

- Weight of dry soil 


Photograph 1 shows the experiment before and after the closing of the 
groove. 

(0) Plastic Limit . — About 15 grammes weight of the pounded soil 
passing the number 40 sieve (A.S.T.M.), was mixed with a little water till it 
could be easily rolled into a ball. The ball of soil was then placed on a glass 
plate and gently rolled on it, with the palm of the hand, into a long thread 
ibh inch diameter. If the soil did not crumble just before the thread reached 
this thickness, the soil was kneaded into a ball again and the process re- 
peated, If it crumbled long before, some more w'ater was added till it just 
crumbled at that diameter. 

The crumbled pieces were weighed, oven dried at one hundred and ten 
degrees centigrade, and weighed again. The Plastic Limit was calculated from 
the following formula : 


Plastic Limit = 


Weiglit of wet soil — Weight of oven dried soil 
Weight of oven di-ied soil 


XlOO 


Photograph 2 gives an idea of the experiment. 

The experiments were caixled out recently on the unmetalled road between 
-Kabirwala and Sarai-Sidhu in Multan District, (Punjab). Two sites were 
chosen, one in mile 29/1 having a soil rich in clay and the other in mile 29/3, 
x’ioh in silt and sand. The first was called soil number one and the second 
soil number two, 
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Tho wet soil was compacted into a metal container 2 inches cube, in 
three layers, the compaction being done by dropping a hammer from n fixed 
height ten times. Tho top was sti-uck olT and tho cube weighed. The dry 
weight of tho soil in the cube was dotennined as follows : — 

Lot total w'oight of soil + water =^Y 


Weight of cube =W, 

Total weight of water in soil =W). 

then weight of vatcr in soil cube =WaX 

( W \ 


W, 


The experiment was repeated after adding more water each time, till tho 
dry ^Yeight of the soil in tlio cube after rising to the highest figure began to 
fall. Tho moisture content at tho highest figure gnvo tho optimum moisture. 
Tho figure for water to ho actually added in tho field was of course obtained 
after deducting the hygroscopic moisture from tho total. 

In the actual execution of work it was found that thi.s quantity had to be 
slightly increased during tho hot afternoons due to excessive ovaporalion. 

Mh'hig of water . — Water was gradually added by means of watering 
cans, to ensure uniform distribution (Photograph 4), and mixing was done by 
turning over tho soil with a spado ns tho watering proceeded. Towai'ds tho 
end, a few men rubbed tho soil between their hands to break up clods etc. 

Comiiaction (for lengths 2, 3, 4, 7, 8, 9 and 10) 

Ordinary rolling docs not compact a fine soil to a depth of more than 
a couple of inches, if tliat. In order therefore to get the maximum po.ssi* 
bio densification, a s])ccinl typo of roller called tho sheop’s-foot roller 
(Photograph 5) was used. Tho projecting feet of tho roller have a Immmci'ing 
cfTect on the soil, and compact it in layers by first going right down to tho 
bottom of the soil (Photograph G) and then, as tho soil gets compacted from 
below, going less and loss into it, till at last when the soil is fully compacted, 
they do not go in more than a fraction of an inch (Photograph G). Tho roller 
was manufactured locally. Tho u heels on tho top side are meant to carry 
the roller from one place to another. 


Tho STU’faoe was finished off with a one-ton roller. 
Addition of salt, lime and Oil , — 

Salt was added in the form of salt water. 

Lime was added in tho form of lime water. 


Oil was mixed with water, and though it kept floating on tho top, 
a more or less uniform distribution was obtained, hv keeping it stirred 
all tho time. 

OoncZ^JsioK.— -Whatever the comparative economic value of tho various 
methods of stabilization dealt herein may turn out to be, it is a foregone 
conclusion that soil stabilization can definitely bo made an economic success 
if systematically dealt with. • ' 
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rt is not loo ranch to liopo, that within a fow years, with the syffrraalic 
use of soil siabilizallon, tliecosl of raaintenanco of the uiiraclallcd parts of our 
roads, will corao down considerably in much the same way, as that of the 
metalled portions has, with the use of surface treatment. Ami also ihat tlm 
construction of metalled roads will bo much cheaper with the increased use 
of soil slabilization. 

Tho time is not far when each road will havo its soil survey ra.ap, sliowin^ 
the properties of the soil, in its rarious lengths, nnd tho position and the 
properties of tho noarost available admixtm'OS, along with instructions for 
lira road gangs for stabilizing tho soil before ever putting it on tho road. 
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No. 1. Liquid Limit Test. 

Showing soil with groove open and closed. Grooving tool is on the rij 



No. 2. Plastic Limit Test. 

Showing the soil being rolled and the crumbled Jth inch soil thread. 
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going right down into the soil 
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■DISOTI83IONS ON PAEBS No. 0. 


Mr. Mehra (Author): — Tha idea that led me to start the experiments 
described in my paper was, that we need to evolve from first principles, 
a technique of our own, for the stabilization of soils, in connection with 
low-cost roads. The problem of low-cost roads in this country is very 
difficult on account of tlia diversity of traffic to be coped with and the 
paucity of funds available for roads. It is therefore that we must move 
slowly and carefully in this direction, in order not to lose sight of anything 
that may, even to a small degree, help us in finding a cheap solution to our 
great problem; this line of action has been followed in this first set of 
experiments. 

The cost of these experiments has been rather high for the following 
reasons: — 

{a) The work w'as now to the workmen and was carried out under 
strictly controlled conditions. 

(b) The process adopted -for the mixing of water was rather 
laborious. In pi-aotice, it should bo quite enough to uniformly 
spread a requisite quantity of water over the levelled layer of 
soil and to leave it to soak through, overnight. By next 
morning, the water will have spread itself fairly uniformly 
through the whole depth, so that the soil will be fit for 
rolling. This item alone will reduce the cost by about 
20 percent. 

(c) The quantity of water was carefully controlled by measurement, 
to give optimum moisture. But, ns a result of this set of 
experiments, the judgment of the road inspector in-ohnrgo 
was so well trained in a short time, tliat he was able to control 
the moisture in the next set of experiments without measure- 
ment, by just looking nt the moist soil and by pressing it 
in his hand. The optimum moisture as determined in the 
laboratory was then kept as a general guide. 

{d) The common salt was purchased at market price. It should 
ha possible bo bring quarry rubbish, duty free, for next to 
nothing and to rail it at ooncession rates. 

This set of experiments was laid in Juno 1938. The traffic density 
of this road is of the nature of about 3a tons a day and consists of motor 
lorries, motor cars, light bullock carts and tongas, etc. For 3 days 
during elections, the traffic wont up to well over 100 tons a day. 

Maintenance was purposely not done in order to test the road to 
destruction. There were, two show'ors of rain in August about half-an-inch 
each time, which the specially compacted lengths resisted w'ithout softening. 

The pi’esont general condition of the stabilised lengths after 
8 months is rather dusty, but the wear is well under la inches. Most of 
the damage has occurred at the joints between adjoining lengths due to 
the sheeps-foot roller not having been able to compact the ends properly, , 
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Tl)o usefulness of grading; tlio parMclo sizo nnd rolling by shoops*foo6 
rollor ab opbinium raoisburo has been conclusively broughb oub by comparing 
bho behaviour of bho various sootions from time bo time. 

Lime has had no stahilizing effect on the soil, probably duo ' to the 
presence of colloids. 

Counlry oil in bho quanbily used has had no appreciable ofTccb ; to use 
much larger quantities would be uneconomical. 

Length No. i in which common salt has been used is more compact 
than those without it, duo to there being thinner films of moisture round 
the particles, and has consequently worn better. The quantity of salt 
used, viz. 1.5 percent, was not enough to help the retention of moisture 
in the soil for any length of lime. 

Length No. 5 behaved boaulifully till I left the district in October, 
showing no signs of wear whatever. AVhen I inspected it a few days ago, 
it has a lot of loose dust on it, which bad probably blown in from tlio 
sides, because otherwise there should have been mclul mixed with it. On 
removing this dubt, llio surface below was found intact, except for a few 
pieces of metal which had apparently been dislodged hy the hoofs of 
animals. It' is my belief that if this is surfaco-lrentcd, it will stand a 
fair amount of traffic, and that this typo of construction, it carefully done, 
could probably replace the much more expensive water-bound macadam, in 
course of time. Tho main factor which protects Uio metal from attrition 
under traifio vibration is tlio cushion of stable oarth all round it, and that 
is why I think, it will bo superior to tho water-bound macadam when 
Burfuco-troated. 

I do feel that tho I'csults of theso experiments, though not being in any 
way a solution of tho problem, aro yot encouraging enough to justify 
further pursuance of tho problem, and it is in this direction that I would 
like the discussion to take place. 

■ Eai Sahib Fateh Chand (United Provinces): — I wish to say that tho 
author considors tlio proportion 5 to 10 porcont of clay to bo an ideal 
one. In tho United Provinces, any soil with less than 30 percent of 
clay cuts up in no timo by sug-arcano or timber or other heavy bullock-cnrt 
traffic which in tho case of soil containing over 20 percent clay and moisture 
forms ruts instead of average quantity of undulating holes and patches of 
varying depths. So far ns I remember, in tho Punjab as well, in his detailed 
note on tho subject, the then Socretarj' of tho 15oard of Gonimunicaiions 
considered that a much greater proportion of clay was necessary than that 
mentioned by the author. 1 should liko to know from tho author if bo lias 
sinco tried the experiment of 5 to 10 pei’ccnt claj' on any road under such 
heavy traflic, and if so, on what road, and with what rosulls ? If tho 
experiment has succeeded, it will have far-reaching effects in tho United 
Provinces, as tho cost of cartago of clay would bo reduced by 50 percent. 

The author considers clay to be bad for traffic in wot weather. This 
is true for such portions of roads as contain clay in their natural condition 
or are low-lying or not well-drained. But clay when laid over sandy por- 
tions forms a particularly hard surface, matching in hardness with the surface 
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of a metalled road I Imve treated over 400 out of 560 miles of the roads 
under my charge with clay in portions where there was heavy sand and in no 
place comphiiut of any kind has been hoard. J3e it due to sand being blown 
over the surface of the clay road, and thus making it harmless to trallic during 
tljo rainy season, or to tho absorption of water by the sand below or due to 
wliatovor reason, tho result has in all cases been an exceptionally hard 
and useful surface throughout tho year. 

Tho only defect noticed in this system has been that, when broken up, 
the surface becomes most troublesome, resembling that of a badly broken-up 
metalled road, duo to numerous bumps caused by tho wheels falling alternate- 
ly on hard clay and sand. Tho remedy for this defect has also been found by 
giving a topping of I ^ inches of sand, which increases the life of the clay 
surface and when hud over such surfaces as contain excossivo clay in its natural 
condition, improves tho surface in moist places ns well. I have tried coal 
refuse with and without molasses, shingle, brick ballast, kankar tracks and 
numerous other such remedies in place of clay, but none of tbom has been 
found to bo as economical and ofifoebivo as laying earth containing over 
20 percent of clay, oxoopt under unusually heavy traffic, whore nothing but 
a metalled or pucca road will stand. 

As regards stabilisation of the berms and foundations of metalled roads 
no amount of stabilisation of tho soil has succeeded under heavy traffic A 
startling example of this is furnished by the Oalcutta-Burhanpur road, 
whore due to heavy traffic, some portions were full of pounded dust as 
compared to nice green grassy portions noticeable on almost all other roads, 
in spite of the natural advantage of tho presence of moisture in the soil on 
the former as much as on any other road. 

Dr, A. N, Puri (Punjab) I am sure you will agree with me when I say 
how thankful we are to tho authors of those two papers for having introduced 
a very important subject. I wish to point out certain misconceptions that 
are likely to have arisen from those papers^ and which have bocoino clear to 
me from tlio remarks of some other gentlemen on those papers. Tho 
average engineer has got no idea of what clay and silt are. That is why in 
one paper wo find tliat silt is represented as plastic and tho other as non- 
plastic. Tho various particles have to be defined, not arbitrarily but in relation 
to their diameter sizes. It shows you, howevor, that tho problem is not 
so simple as it may appear at the suifaco. Again in tho transmission constants 
of soils I can show you that a soil with a higlr transmission constant can bo 
rendered practically impormoable to water by adding a small quantity of 
sodium carbonate to it. Tho clay is the same, bub it has undergone a simple 
change in tho surface reactivity and that has made all tho difference. The way 
I have reduced tho percolation from a very high value to almost nil shows 
you also that tho problem is not a simplo ono. 

I wish to emphaaiso that the subject should be approached from its 
fundamentals, it is no use making experiments in the field, putting this 
thing and that thing and trying to stabilise llie soil on certain broad details 
that are given in some paper. Tho problem has to be studied w'ith relation 
to tho typo of the • clay, the climatic conditions and other environmentnl 
factors. Therefore, we must proceed from some laboratory experiments so 
that in tho large scale tests in the field we know exactly where we stand. 
The results- could then be watched in all its stages and the conolnsions will 
be sound and not arbitrary. Wo must remember that a certain process may 
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succeed in one place and the same process may nob succeed in another place. 
These failures are likely to be discouraging. Therefore, to avoid them one 
must start from a broad fundamental knowledge of the whole thing. These 
are the few preliminary remarks that I wanted to make. 

I have been asked by Mr. Murarilal to read his comments. He 
says that : 

“ The author in his paper has entirely omitted the mention of a very 
important and cheap material which can easily be had in many 
parts of the country and can advantageously bo used to stabilise 
the earthen berms of our metalled roads. This is kankar, which 
used to be the main road-making material before the advent of 
motor traffic. It is at any time cheaper than oils and cut 
backs, that are used in conjunction with soil and are better able 
to withstand the traffic. The cost of consolidating a mile of 
berm 16 feet wide with 3 inches thick layer of kankar will be in 
the neighbourhood of £s. 2,000/- taking rate of kankar at Bs. 8/- 
per hundred cubic feet and Bs. 2/- per hundred cubic feet for 
consolidation. This amount compares very favourably with the 
experimental lengths Nos. 4, 5, 8, 9 of the author. 

*' Kankar does not require any introduction to the Engineers as its 
properties of cohesion and adhesion etc., are so well-known to 
them. It only needs a plea to como into its own and hold the 
same position in road construction that it did tw'O decades ago. 

" Still greater advantage of using kankar for stabilising berms 
consists in the fact that the berms so stabilised will provide an 
excellent base for grafting a skin of stone metal on it when 
widening the road.” 

These are his comments, and, if I may be permitted to add, this subject 
of kankar in road stabilisation is also under investigation in the laboratory 
(Applause). 

Mr. Syed Arifuddiu (Hyderahad-Beccau) : — The author in his excellent 
paper has classified soil as consisting of particles between .05 and .005 
millimeters diameters and clay finer than .005 millimeters. According to .this 
definition silt is nothing but fine sand as the particles are measurable. A 
practical way of defining clay is that part of the soil wffiich can be washed 
out and what remains is sand or grit which can be graded into fine, very fine 
etc.; and we can standardize the sieve or the diameter of the particles in any 
. manner w'e like. I have many a time determined the proportion of clay and 
grit in this manner. What we call silt is always found to contain clay and 
fine sand. I, therefore, think that it will be better to determine clay and fine 
sand'separately instead of classifj'ing them as one. 

Having determined the proportion of clay and grit or sand separately 
and also having determined the percentage of various sizes of grit in soils we 
can experiment on them by adding pure clay or pure sand and determine the 
best combination to give the best results under various traffic conditions. 
We can then come to some practical and definite conclusions. 

Mr. S. Bashiram (Funjah) : — It is universally agreed that the future of 
communications in a country like India with its enormous size and poor 



finances lies in unmefcalled rather than metalled roads. Metalled roads 
with all their amenities are essential for centres of population but they only 
toucii the fringe of our problem. I must therefore congratulate the author of 
the Paper on his fine olTorts in presenting tliis congress on the very first 
day witli a paper which deals with the practical aspect of this problem. I 
myself lay no claim to a deep knowledge of tho subject and my excuse 
to say a fow words lies in tlio fact that I saw theso oxperimonts over a 
montli ago and my observations may possibly place some further information 
at tho disposal of the Congress. 

The traffic on this road, which is unraetalled, is very light indeed and 
consists on an average of only 6 lorries, 4 cars and 2 bullock carts per diem. 
The experiments with soil No. 2 are, on the whole more satisfiictory tlian 
with soil No. 1. Tho point to remember, however, is that the cost for a 
modeititoly successful experiment works out to Es. 4,200/- per 16 feet mile 
which is as high as two-thirds tho cost, for the water-bound macadam 
surface. 

I may also add that just before his transfer from the scene of these 
experiments, Mr. Mehra left instructions for certain other experiments to he 
carried out. The main idea underlying this set of experiments was to rein- 
force the soil with brick ballast, sand, lime or imported clay. As those 
experiments have been made on one berm only of a motallod road, they can 
very convonionbly bo compared with tho surface of the other berm which 
has not been treated. These experiments have been found to be much more 
satisfactory than those noticed in tho paper under discussion, but here 
again the mischief is thafc'the cost is very high. 

The subject.is of very great importance to us and in my opinion all 
efforts in this direction are well-worth tho trouble. 

Mr, Lakshminarayana Eao (Madras) : — Over two lengths, one 100 
feet long and another GOO foot long of a village road, two experiments 
wore made. One was n failure hut tho other ■was a little bettor — I won't 
say pure failure, but partial success. 

Tho first 100 feet length of villago road was treated with oil. Three 
drums of tho cheapest grade of crude oil available in t^lnsulipatam, were 
mixed with sand and tho same spread to a length of 100 feet and a thick- 
ness of one inch. After a time, I found that the oil had evapoi’atod and 
that tho surface was not improved much. 

The second exporimont was conducted after harvest seasons. Paddy 
hay was very cheap and cost about Es. 8 to Es. 30 per acre, I purchased 
about Es. 30/- worth of hay and spread it to a depth of 6 inches over a length 
of 600 feet and sot firo to it taking care that the fire did not spread far. 
(Laughter) I am not a cliomist and I do not know how the soil wasch.anged. 
The firo was started at 10 o'clock in tho morning and it was continued till tho 
fire subsided. Water was then sprinkled on tho surface so that tho burnt 
ashes may not bo blown away. It was found that the soil on the top was 
burnt to bits of clinker — ^not hard, but moderately hard — and presented a 
better sm’face. I deduce from this that repeated burning of the soil, yields 
better results. I wish to place those experiments before you, and hope to 
be excused for taking your timo. 



Mr. H. B. F&rikh. (Earftchi): — With the advent of Lloyd Barrage Canals 
it is necessary to improve communications in Sind and there is a great 
cry from the public for improving the existing roads and constructing new 
roads where necessary. As wa are not a rich province Ave have to be 
satisfied with' earth roads for the most part and Ave are therefore very 
much interested in soil stabilisation. 

We find from- actual practice that some soils give a very good road 
surface. Samiiles of such soils and other soils which cannot stand-up 
to traffic were sent to Dr. Mackenzie Taylor and his advice for treating 
the latter soils so that they may prove satisfactory was sought. Be 
suggested the use of Calcium Chloride and we tried it on a short length. 
The treatment improved the road surface. The only difficulty experienced 
was that the rubber t3'res of the vehicles passing over it started taking off 
some soil from the road and the surface again became very bad. Unfortun- 
ately before wa could treat the soil farther, those in charge of the road 
raised it Avith the result that we had to try out the same ti'eatment in 
another place. 

The details of the experiments we have carried out will appear in a 
Special Soil number of “Indian Roads”, which is going to be published 
shortly. You will find therein that we have tried out not only treatment 
with Calcium Chloride but that Avith Sodium Chloride and Molasses as 
well, which help to obtain a satisfactory surface. 

Then there was the question of the cost of salt. ' As one of the 
members said, it will help to cheapen treatment if salt could be had 
cheaply. With this end in view, we have already approached the 
Government of India who are pleased to allow concession for salt used 
on roads by exempting it from duty. This has enabled us to get salt very 
cheaply. 

Now after carrying out these experiments I found that in some 
places the surface behaved very-well, but a little distance away from it, 
it Avas not behaving in the same fashion, and it was rather difficult for 
me to find out as to Avhy there was so much difference. I started studying 
literature on soils but I found there was difference in the nomenclatures 
used with the result that different results of mechanical analysis were 
obtained for the same soil. Assistance of a soil physicist was thus 
obviously necessary. 

In the meantime, Mr. Mitchell called me to Lahore where the matter 
was discussed Avith Drs. Mackenzie Taylor and Puri and it Avas felt that 
unless we had some liaison officer who Avas an engineer and who could 
correlate the results obtained in the laboratory and in actual practice, it 
was very difficult to obtain satisfactory progress in the research for soil 
stabilisation. 

As a result I am very glad that Dr. Puri, has been interesting 
himself in the matter and Mr. Mehra has been appointed as a liaison 
officer by the Punjab Government. Dr. Puri visited Sind and took aAvay 
some samples of representative soils. We have got a laboratory in Sind 
where we get the soils analysed. Dr. Puri suggested some improvements 
in the method of analysis in order to obtain results useful from stabilisation 
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poiat of view* We shall therefore be able now to get all information 
properly and proceed on a more scientific basis. 

As you know, the nature of soils varies to a great extent from place 
to place. There is therefore difficulty in classifying the soils. Again 
when tlie work is being carried out, the soil from the borrow-pits, which 
ofjpeu differs from the soil on the original ground surface along the road, is 
put on the top of the road, and the original classification does not stand. 
So it is necessary that in the field we should have some sort of rough and 
ready method by which we could analyse the soils, find out wffiat quantity 
of salt is necessary to he added etc., and in this connection help of a soil 
physicist is really necessary. If you yourself can analyse the soils you 
can find out quickly the necessary details required for stabilising them 
and you will be in a better position to judge tho results of your experiments 
and understand why different soils behave m different fashions 

All this knowledge is necessary in order to progress satisfactorily in 
stabilising soils on our roads and 1 think it is necessary, as £ hope you 
will agree that wa ought to carry^ on tho research work for a number of 
years before wo are able to come to certain definite conclusions and are 
able to get certain definite lead from scientific methods. 

Many motliods, otiier than chemical tre^atiuent, for stabilising soils 
are advocated. Some advocate burning soil on the spot, others ogam 
advocate adding of cement. Some advocate treatment w’ith asphaltic oils. 
In actual practice it is very difficult bo know what wo should adopt unless 
we know the different details of soils, and relative costs of different 
trentincnls. 

.As Dr. Puri just now said, in the road formula with certain coeflicient, 
the coefficient can be entirely changed by adding certain salt which will 
make the soil impermeable. Wo may apply the formula in actual practice 
and may find that water travels at a certain velocity in the soil bub at 
some distance away we maj' find that water does nob travel through it at 
all and wo may be perplexed in the use of the formula. This shows that 
it is necessary to tackle the problem in a scientific way. 

I hope that this work of soil research will therefore be carried on 
until we come to certain definite conclusions on that aspect of tho 
science which is very necessary for our work. As you know, with the 
advent of motor oars, the roads have groat loads bo carry and we have 
to find out some sort of low cost roads by which we can provide proper 
communications with tho amount of money that can be made available and 
satisfy the cry of tho public. At present we have got to choose only 
between an oartli road with tho soil available and a metalled road and 
there is no middle course to meet the demand of traffic which may nob be so 
heavy as to require a metalled road. 

In some places cement concrete trackw'ays may suffice the needs of 
traffic but if the soil is such that it may got cut up under traffic, it is 
dangerous to have trackways unless the soil oh the sides of it bo stabilised. 
Also, with tlie advent of motor buses the side berms on metalled I’oads, 
9 feet to 12 feet wide, get dub up very badly and it is quite neoessai’y to 
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sfiabilise the soil in the berms. The bearing power of soils can be 
increased by stabilisation and the depth of crust to be provided can be 
reduced. Thus the soil stabilisation interests us from all such points of 
view and we must try out different methods till we make a success of the 
stabilising processes (Applause ). 

Mr. S. K. Ghose (Bihar) : — In this paper we should have been given 
a comprehensive bibliography to help other Engineers. I think in Paper 
No- O, there is a big omission. Thera is no mention of conditions pre- 
vailing in America; well-equipped soil laboratories are in existence in 
America and I think America should have gone before England. 
In Page 2 (o) there is mention of water-bound macadam. The author says, 
“ Still another use of stabilised soil could be made in the construction of 
the metalled portion of the road or in widening the existing metalling in as 
much as the brick-on-edga soling used in water-bound macadam could 
probably be replaced by stabilised soil at about one-fourth of the cost.” 

But as my experience goes, at least in Bihar tbe brick soling is 
invariably laid flat with good reasons. I do not know if this is the case in 
other provinces. In page 3 (o) the standard test for liquid limit is given 
for experiments to be carried out at 110 degrees centigrade. I wanted to know 
if that was correct. 100 degrees might have been better. It would be very 
helpful if the design of the Sheepsfoot earth roller as actually constructed 
by Mr. Mebra, were given. 

Incidentally I may mention that very few hooks on Soil Mechanics 
are kept in the Roads Congress Libraiy; it would be very good indeed 
if tbe Roads Congress could publish standard books on Soil Mechanics in 
India. 


For the information of the members who may be interested in 
pursuing their studies I append the following Bibliography: — "Highway 
Design and Construction" by .■Arthur G. Bruce, International Text Book 
Company. Scranton, Pennsylvania. 

"Soil Surveys for Highways” by F. H. Eno, Engineering Experiment 
Station Circular No. 33, Ohio State University, Columbus, Ohio, 
July 1936. 

"Engineering Properties of Soils” by C. A. Hogentogler and C- A- 
Hogentogler Jr., 1937. 

“Cohesion of Earth” by Professor 'Winiam Cain, Transactions of tlie 
American Society of Civil Engineers Vol. LXXX (1916). 

Mr. 0. D. N. Meares (Calcutta) May I ask Mr. Mebra whether be 
has established any relationship between compaction at optimum moisture 
content and stability? I ask this, as I understand, the latest practice 
is to compact at slightly less than the optimum as one thereby obtains 
a higher stability and load-bearing capacity. 

Mr. K. G. Mitchell (Government of India) I do think .that, first 
and foremost, we should persevere with experiments. One of the speakers 
has referred to the cost of experiments carried out- But what could be done 
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-otherv\'is 0 ? 1 do not think there is any other way. Something has to be 
'done in this direction. In course of time we hope that if we can* make 
improvements, as the result of experiments, money will be provided to imple- 
ment the results. 

\ 

Mr. Mehra (Author) ; — I shall now take up the points raised in 
-connection with my paper. Eai Saheb Fateh Chand said that, according 
to his experience, about 20 per cent clay behaved best and not 6 to 10 per 
-cent as mentioned by me on page 1 (o), last para. 

Now, thk'e is a lot of confusion among Engineers as to what clay is. 
The quantity of clay, as determined in a soil, would depend entirely on the 
method of determination. Further, in some soils clay exists in a flocculated 
state whereas in others it exists in a dispersed state. 10 per cent of clay in a 
-sodium soil would bind it beautifully whereas the same quantity' in a calcium 
soil may not be enough. This is due to the fact that in the former case the 
clay exists in a dispersed state and in the latter case, in an imdispersed state. 

I personally put no faich in the clay content as determined from 
• experiment. I design my mixtures according to the plasticity index which 
is a measure of the range of moisture content w'ithin which the soil remains 
plastic and which gives an indication of the cohesiveness of the clay 
present. For unmetalled roads, I keep the plasticitjf index between 7 and 11 
-depending on the climatio. conditions of the locality. It is kept low in 
wet regions and high in dry places. 

^Ir. Murarilal advocates the use of kankar. Whereas kankar has 
proved a failure in comparison Avith stone metal for metalling, its admixture 
with soils for providing frictional stability is under investigation ns already 
pointed out by Dr. Puri. 

Syed Arifuddin suggests that the clay content in a soil can be deter- 
mined by washing off. The method is extremely crude and is very likely 
to lead to grave errors. It is not recommended at all as the results may be 
easily found to be out by a couple of hundred per cent. 

Syed Arifuddin said that fine sand should also find a place in the 
•clnssification of soil ingredients. Whereas the only correct way of represent- 
ing a soil is by means of a summation curve, it" is necessary that the technique 
•should be made as simple as possible, so that the average engineer can carry 
out the laboratory work himself. So far as tho earth roads are concerned, it 
■does not appear necessary to go to those fine limits and, therefore, only three 
ranges of particle size have been adopted, viz. clay, silt and sand, 

Mr. Eashiram said that the cost of experimental length No. 5 is too 
high, vie. Es. 4200 per 16 feet mile. It is really so, but it must be taken 
into account that half this cost goes tow'ards the price paid for common salt 
•at market rates. The cost could be further reduced as suggested in my 
introductory remai’ks. 

Mr. Lakshminarayana Eao referred to the burning of soils. This 
-phenomenon is already under investigation by Dr, Puri and as soon as 
■sufiGcienb laboratory data is available an effort will be made to apply it to 
. field conditions. 
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Mr. Ghose wanted to know why the drying of samples was done at 110 
degrees centigrade. This is in order to be sure of driving out all the water 
from the samples. It is the standard practice. Mr. Ghose also wanted to 
know the cost of a sheeps-foot roller. The roller cost mo about Rs. 200/ — . 

Mr. Moares wanted to know the relationship between stability and 
moisture content. He said that compaction at a little less than the optimum 
moisture would perhaps give maximum stability." Whereas for earth roads,, 
which are not waterproofed by surface treatment, compaction at optimum 
moisture definitely gives maximum stability under varying weather conditions, 
the question needs further research in the case of soils to be waterproofed 
from above and below by surface treatment. 

Mr. S. G. Stubbs (Chairman) ; — I ask you, Gentlemen, to join me in 
giving thanks to Mr. Mehra for his valuable paper and also to you for your 
most valuable discussions. I hope you will find in my address what we in 
this country require. We require thousands of miles of roods but owing to 
limited funds we can only metal a very few'. Therefore, unless we devise ways- 
and means for improving the exisiting earth roads, this country would go 
without having good roads at all. 

We are gratified to hear that steps are boing taken to improve earth 
roads on a scientific basis, but unless wo all co-operate in the work that is 
being done, nothing important could be effected. The Government of India 
have contributed substantial sums for research in the woik and Mr. Mehra has 
been appointed to bring together successful results of work done in various 
fields. I feel, if we work together, the time is not far distant when earth 
reads will be improved very considerably. 
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Mr. G. P. Bhandarkar (Chairman) Unfortunately Mr.-Radice is not 
hbre. I underatand he is nbw in England. Mr. E. S. Kirk of Messrs. Braith- 
waite Burn and Jessop Construction Company, Ltd., will therefore present 
the paper lor him. Whatever comments are made will be sent to him to 
England for reply and will be incorporated in the Proceedings. 

The following paper was tijen taken as read : — 
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SUEFAOE TBBATMENT OE OONOBETE EOADS "WHEN OUTWOBN 

By 

W. A. Badice, V.D., B.A. (Oantab), A.M. Inst. 0,B., M. Inst. I.B. 

During the Fourth Indian Boads Congress held at Hyderabad (Deeoan) in 
January 1938, Mr. L. B. Gilbert, then Consulting Engineer to the Government 
of India (Boads), brought to the Author’s notice the question of outworn 
Concrete Bonds, especially as in the United Provinces there wore many miles 
of concrete road and the day would inevitably come when some sort of 
surface treatment would become necessary if any attempt were to be made 
to conserve ns great a part as possible of the value of the concrete. 

That a concrete road, oven when the surface has disintegrated to such a 
degree as to render repairs no longer useful, has a definite value as a foun- 
dation, there can bo no question. The problem is to discover the most 
economic and efficient moans to utilise this foundation. 

In this paper it is not proposed to discuss the comparative merits of 
possible treatment -since the Author is unaware of what has been already 
thought, written and done towards finding and testing out a satisfactory 
surfacing. He lias, however, some special information at his disposal, col- 
lected at some trouble and expense when ho was engaged in assisting in the 
preparation of an alternative design for the New Howrah Bridge now in 
course of construction in Oalcutta, which may be found useful to those con- 
cerned with the problem stated. Tho purpose of this paper is therefore to 
record tlio information and make it available to Members of tho Indi,an 
Bonds Congress. 

The bridge referred to is a cantilever bridge with a central span of 1600 
foot. In a structure of such dimensions carrying a roadway and footpaths 
100 feet wide, every pound per square foot of weight saved from the dead 
weight of tho roadway is of oonsidorable olTect on tho cost of tho super- 
structure as a whole. 

During tho work of investigating this important question it was dis- 
covered that in Pittsburg, U. S. A., the Sraithfiold Street Bridge, an arterial 
road and rail bridge in the centre of the town and carrying a very heavy 
ti-allic, had become too weak to carry the increased modern live loads. It 
was a question of either finding means to lighten the dead load or rebuild the 
bridge. After considerable study it was decided to remove entirely tho old 
floor system and replace it by a now floor system entirely made of 
aluminium. 

This floor consists of flat metal plates (just like the deck of a battleship) 
some § inch thick laid direct on channels about 8 inches apart and supported 
by the cross girders, etc. On this smooth metal surface the surfacing is laid 
direct and is only inches thick on tho roadway. On the sidewalks the 
surfacing is reduced to ^ inch thickness. 

A letter is appended from tho Chief Engineer of the City of Pittsburg, 
reporting on tho behaviour of this surfacing and also full spocificationa for the 
surfacing for tho roadway and footpaths, as actually laid. 



It would ai>pear that this suriaeing, having behaved satisfactorily under 
some years of traffic when laid on. a flat metal plate in such thin layers 
might be found to be a suitable surfacing material to lay on a worn out 
concrete road, if slightly modified as suggested in the Appendix. 

Should any one interested like to try it out, a word of warning is neces- 
sary. Eesults are not likely to prove satisfactory if the surfacing is laid 
direct on the rough untreated surface of a worn out concrete road. It is 
essential that the surfacing be of uniform thickness and to achieve this all 
broken up and loose parts of the concrete must he removed carefully and the 
whole surface plastered dead smooth. No particular attention need he paid to 
secure specially good adhesion between the plaster and the old concrete, as 
the plaster being covered will not be exposed to mechanical action. 

Whether this suggestion will prove useful or not, it is impossible to tell 
without trial. The facts, as ascertained and reported in this paper are offered 
for what they are worth and in order to provoke constructive criticism. 



APPENDIX. 


Letter from the Chief Engineer, Department of Pvblic Works, 

Oitv of Pittsburg, Pensylvania, dated Novemhen' 22nd, 1934-. 

Your letter ot July 18th, 1934, addressed to the Chief Eugineer of the 
Department of Public Works of the City of Pittsburg and requesting 
information regarding the paving on the Smithfield Street Bridge has not 
been previously answered for the reason that wo desired to have more 
experience with this paving before reporting on same. 

We are attaching copies of the Specifications used for the sidewalk 
paving and foi- the roadway paving. The sidewalk paving is wearing excellently 
under tralhc. The roadw'ay paving, however, seems to be somewhat too 
rich in asphaltic content and the particle size of the coarse aggregate seems 
to bo- somewhat too small. As a I'esult there is a tendency for this paving 
to push and crowd under vehicular traffic, particularly near the ends of the 
bridge where it is frequently necessary for rapidly moving vehicles to 
suddenly apply their brakes, thus exerting a drag on the paving. 

When it hocomos necessary to replace the paving the Department of 
Public Works will probably specify a mixture having a somewhat lower 
asphalt content and a somewhat larger particle size, in order to overcome 
this movement of the paving. In general, however, the paving has been 
very satisfactory and there has been no dilliculty with adliesion between the 
metal plates and the asphalt surfacing. 

The paving soctns to perform equally well in cold and hot weather. 
During the last year Pittsburg has had temperatures varying from zero to 
ninctj'eight degrees Fahrenheit and July and August were especially hot, 
averaging temperatures during the daylight hours in excess of soventyfive 
degrees. 


COLD MIX SINGLE COURSE ASPHALT WB.^RING SURFACE. 

iSiandard Specification for inch single course asphalt pavement ofi new 

altminiwn roadway floor of Smithfield Street Bridge. 

General. — This apooification covers the construction of 1^ inch single 
course cold laid asphalt pavement on a now aluminium bridge floor. 

Foundations. — Upon the foundation, consisting of an aluminium plate 
bridge floor, prepared in such manner as to produce a firm, unyielding 
surface, regular as to longitudinal grade and uniform, as to cross section, as 
specified by the Engineer, jiroporly swept and clean, shall bo laid cold asphalt 
pavement. 

Pavement. — The asphalt pavement shall consist of a one course asphaltic 
mixture that has been proved a successful paving material by actual service 
under heavy traffic conditions for at least five years, spread and compressed 
upon the prepared foundation. 

Thickness. — After it has receiN'od its final compression by rolling, the 
asphalt pavement shall have a minimum thickness of inches. 
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Mixture. — TUo formula used for proparing tlio cold asphah paving mixturea 
shall bo sot to proportion thorn to tho host ndvuntago from tho materials 
horoinnftor specified, but not to oxcood tho following limitations : — 

Materials : — 

Broken Li mostono . ... ... 88.0 to 90.0 per cent. 

Liquifier ... ... 0.4 to 1.0 „ 

.Asphalt Comonb ... ... 5.0 to 7.0 „ 

Hydrated Lime ... ... 0.0 to 1.0 „ 

Mineral Filler ... ... 0.0 to 8.0 „ 

Broken Limestone shall be meohnnicnlly air dried and clean, tough, sound 
and durable, and shall be graded from coarse to fine, all passing a screen 
having circular openings » inch in diameter and bo retained on an eight 
mesh laboratory screen. Liquifier shall bo a mineral oil tho specific gravity 
of which shall bo hotwoon 0.8 L4 (42 degrees B) and 0.788 (50 degrees B) 
and which shall have a flash point of not less than 105 degrees Fahrenheit. 
Asphalt Oemonb shall ho of such quality that it will moot all tests provided 
for asphalt cement, including the following : — 

1. It shall be homogeneous and free from water. 

2. The specific gravity at 77 degrees Fahrenheit shall not bo less than 

1.025. 

3. The penetration at 77 degrees Fahrenheit shall not bo less than G5 

nor more than 95. 

4. Tho ductility at 77 degrees Fahronhoit shall not bo loss than 6(1 

centimetres 

5. The loss on heating at 325 degrees Fahrenheit shall not be more than 

3 per cent and tho loss in penetration after heating shall not be 
more than 50 per cent. 

6. It shall not flash below 350 degrees Fahrenheit open cup method. 

7. It shall not contain less than 95 per cent bitumen. 

The methods of testing shall be as follows : — 

Specific gravity — American Society for Testing Materials D70-27 
Penetration — „ „ „ „ „ d 5.25 

Ductility — „ „ D113-32T 

Loss on heating— „ „ „ „ D ’g.go 

Flash point — „ „ D92-94 

Bitumen — „ j) 4.27 

Hydrated Lime shall meet the requirements of the American Society 
for Testing Materials 0 6-24. 

Mineral Filler shall be clear crashed stone screenings, 90 per cent 
of which will pass an eight mesh laboratory sieve. 

Mixing.— The materials specified above, in the proportions of tho formula 
fixed, shall be introduced into each batch in the rotation and combined in 
manner hereinafter set forth. 



The dry broken stone, at a temperature nob over 86 degrees Fahrenheit 
weighed out separately to the quantity specified, shall be placed in a twin 
pug mill and mixed until uniformly intermingled. 

The liquifier measured in a calibrated device to provide the exact quantity 
specified, shall then be sprayed into the mixer, in such a manner that it will 
uniformly penetrate the surface voids of tbo broken stono and fully coat the 
surface thereof, and the mixing continued until the stono is thoroughly 
coated. 

The asphalt cement, weighed in a special distributing bucket attached to 
a special scale equipped for quick adjustment, shall bo poured into the mixer 
in such a manner and at such a temporntiiro between 250 dogrocR Fahrenheit 
and 300 degrees Fahrenheit that it will uniformly coat the surface of the 
liquifier, impregnated and covered broken stono and tlie mixing continued 
until the batch presents a uniform black colour. 

The hydrated lime, exactly weighed and moasurod, shall tlion he 
sprinkled into the mixer, in such a manner that it will bo uniformly in- 
corporated in the mixture, and the mixing shall . be continued until the 
whitened mass has attained its former black lustre. 

The mineral filler, carefully weighed, shall then bo introduced into tlie 
mixer in such a manner that the particles will ho uniformly sjiroad through- 
out the mass by adhering to the liquifior-asphalt coated fragments of broken 
stone which form tho body of the mixture, when the batch is completed and 
ready to bo dumped. 

Transporting , — Kail shipments shall bo made in oars free from dirt and 
* lightly sprinkled with sand or screenings, and tho asphalt paving mixture shall 
be so loaded in tight vehicles, carts, wagons or trucks, previously cleaned of 
• all foreign materials and delivered to tho work, that it will not become con- 
taminated in any way. 

Laying . — Tho asphalt paving mixture sliall bo laid on n dry base, properly 
prepared and clean, and only when weather conditions are fuvoui'ablc. 

Tho mixture upon arrival at tho work, shall bo deposited on the outside 
of tho area on which it is to ho laid, distributed into place and spread in u 
uniformly loose layer .of such depth as will produce a finished pavement at, 
least one and one half inohos thick after compression rolling. Tho longitudi- 
nal grade and cross section shall bo supplied by the Euginoor to tlio Con- 
tractor who shall a'dlioro strictly tiiorobo in performing tho work. 

Bolling . — Adjacent to flush curbing, gutters and structures used as headers 
the mixture shall bo spread uniformly higli, so that when completed it will 
be slightly above tho edge of said abutmonts. For a radial distance of 
eight inches round all structures and locations innccossihlo to tho roller, tho 
compression shall bo ofTeotod with a tamper weighing not loss than 35 pounds. 

Tho asphalt mixture, as soon after spreading ns is convenient, or advisable, , 
shall be compacted by rolling, at minimum speed, with a power roller 
weighing not loss than 30 tons. Tho roller shall begin at the sides and 
travel longitudinally gradually moving towards tho centre of the' roadway by 
overlapping about one half tho width of tho wheels each trip. 



Wherovor, during the rolling, low spots nppcni’, ndditionnl mixtuvo shall 
bo spread thereon and rolling continued until the surface is regular and of * 
oven texture 

SPEOIPIOATION FOE SIDEWALK SURFACING. 

The sidewalks shall bo surfaced w'ith cither an asphaltic mastic or with a 
cold process asphaltic paving as described below. In cither case the sur- 
facing must bo capable of carrying foot traffic not more than ten Ijours after 
its application. 

Asphaltic ifasiic Surfacing. — The composition of the asphalt mastic 
surfacing shall bo as follows : — 

(1) Hard flux approximately 6 per cent. 

(2) Asphalt mastic approximately 47 per cent. 

(3) Mineral aggregate approximately 47 per cent. 

Eard Flux. — The hard flux must bo of an approved asphalt base and have 
a penetration of 50 and a fire point of not less than 500 degrees Fahrenheit. 

It shall be delivered in the original drums or barrels. 

Asphalt Mastic. — The asphalt mastic shall consist of a limestone rock 
asphalt, finely ground to pass a No. 8 laboratory sieve, unless some other 
mastic bo approved by the Engineer. 

Mineral Aggregate. — The mineral aggregate shall consist of clean, well 
screened limestone chips passing a No. 4 screen and clean lino sand, the 
combination being so graded as to reduce voids to a minimum. 

Mixing. — ^Thoso materials shall be charged into the mixing kettles in the 
order stated above vis., I, 2 and 3. The flux and mastic are to be melted ’ 
before the addition of mineral aggregate, and the combination is to be.,mixed 
until it is uniform .and homogeneous. The temperature at no time shall 
exceed 450 degrees Fahrenheit and the temperature of the mixture when laid 
shall not be less than 325 degrees Fahrenheit. 

Spreading and Laying. — Before applying the surfacing, the metal surface 
of the sidewalk -must bo thoroughly cleaned and be free from dust, dirt, grease, 
oil, moisture and loose particles. 

Before laying the asphaltic mastic and immediately in advance thereof 
the surface of the sidewalk shall bo given a mop coat of hot asphalt of an 
approved base and penetration to secure proper bond. The hot asphalt mastic 
surfacing shall then be spread over the mopped surface in a single layer so as 
to form a finished layer A inch in thickness. Screeds shall bo used to form 
the mastic to a true surface, and after spreading and as the hot mastic cools 
and sets, it shall be lightly sprinkled with hard white sand and/or cement 
and rubbed to a smooth finish with the usual smoothing tools or floats. 

COLD PROCESS ASPHALTIC PAVING. 

Composition. — ^The cold process asphaltic material shall be composed of 
the following materials : — 

1. Aggregate 

2. Filler 

3. Asphalt Cement. 



Aggregate . — Tbe aggregate shall consist o£ sand or limestone screenings or 
a mixture o£ the two. The sand shall consist of clean, hard, durable grains, 
free from clay, loam or other foreign matter. The limestone screenings shall 
be free from weathered particles and the larger particles shall be free from 
adhering dust. All material shall pass the i inch screen and conform to 
the following grading : — 
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Filler. — The filler shall bo thoroughly dry limestone dust or other suitable 
material as specified by the Engineer, the whole of which shall pass a 30 mesh 
sieve, and at least 76 per cent of which shall pass a 200 mesh sieve. 

Asphalt Cement. — (a) The asphalt cement shall be used in two component 
parts, of which the first shall bo a grade of asphalt hard enough to be 
reduced to powder in an impact mill, whilst the second part shall he a grade 
of asphaltic flux oil which is capable of complete amalgamation with the first 

(6) The hard asphalt shall conform to the following requirements : — 

1. It must he homogeneous. 

2. Solubility in carbon disulphate, not less than 99 per cent. 

3. Solubility in carbon tetra chloride not less than 95 per cent. 

4. Penetration at 116 degrees Eahronhoit, 100 grams, 5 seconds : 6 to 15. 

0 . Penetration at 77 degrees Fahrenheit, 100 grams, 6 seconds : 3 to 5. 

6. Melting point (Bing and Ball), 240 degrees to 276 degrees Fahrenheit. 

The hard asphalt must bo reduced to x)owdor in au impact mill. As used, 
not less than 60 per cent of it shall pass an 80 mesh screen and 96 per cent 
shall pass a 20 mesh screen. 

(c) The flux oil shall conform with the following requirements : — 

1. It must be homogeneous and free from water 

2. Specific gravity at 77 degrees Fahrenheit not less than 0.97 

3. Viscosity Furol at 122 degrees Fahrenheit, GOO to 800 seconds 

4. Loss on heat — 5 hours, 50 grams, at 325 degrees Fahrenheit; not 

more than 6 per cent 

6. It must not be capable of complete amalgamation with the hard 
asphalt. 

id) The flux oil and Ijard asphalt shall bo of such characteristics that a 
combination between ‘45 and 55 per cent of either component will produce au 
asphalt cement of 70 penetration, and in the manufacture of the pavement they 
shall bo mixed in sucih proportions as will produce when completely 
amalgamated, an asphalt cement of the penetration required by the Engineer. 



(e) The asphalt cementi in the pavement shall meet the following 
requirements for physical and chemical properties : — 

1. Specific gravity at 77 degree Fahrenheit not less than 1.02 

2. Flash point, not less than 347 degrees Fahrenheit 

3. Penetration at 77 degrees Fahrenheit, 100 grams, 5 seconds : 50 to 80 

4. Ductility at 77 degress Fahrenheit not less than Id. 

5. Loss at 325 degrees Fahrenheit, 5 hours, not more than 3 per cent 

6 Penetration of residue at 77 degrees Fahrenheit, 100 grams, 6 seconds, 
as per cent of original penetration : not less than 60 per cent. 

7. Total bitumen soluble in carbon tetra-chloride not less than 98 percent. 

Mixing. — (a) The aggregate shall be thoroughly dry and shall reach the 
mixer at a temperature not exceeding 110 degrees Fahrenheit. 

(5) The flux oil shall be used at a temperature not exceeding 125 degrees 
Fahrenheit. The hard asphalt shall be reduced to a powder as above specified. 

Gi’ading . — The grading and composition of the mixture shall conform 
to the limits stated as follows : — 
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Mixing . — The various components of the mixture shall be separately and 
accurately measured by weight for each batch to be mixed. 

The limestone filler may be introduced, either partially or wholly, in 
conjunction .with the pulverized hard asphalt. The mixture shall be made in 
an approved ' twin pug mill or other type of mixer satisfactory to and 
approved by the Engineer, by first charging it with the mineral aggregate 
including optionally the filler and adding thereto the weighed quantity of oil. 
The mixing shall be continued until every particle of the aggregate is entire- 
ly coated with the flux oil. At this stage a weighed quantity of the powdered 
asphalt shall be added, either alone or in combination with some or all of the 
fiUer and mixing shall be continued until the powdered asphalt is evenly dis- 
tributed throughout the mix, when it will be ready for discharge from the 
mixer. 

Gleaning . — Before laying the sidewalk plates shall be thoroughly cleaned 
and freed from dirt, grease and oil. 

Laying . — Before laying the plates shall be coated with waterproof 
coating as hereinbefore specified, in two coats, to afford a satisfactory bond. 
The material shall be spread, by shovels, rakes or other approved spreading 
devices in a loose layer of such a depth that after compaction it shall have a 
depth of not less than ^ inch. The material shall then be rolled with a hand 
roller weighing not less than 200 pounds and not less than 12 inches in 
length, until thorough compaction is secured. At points not accessible to the 
roller the mixture shall be thoroughly tamped with iron tampers. The 
finished surface shall show no variation from the general surface in excess of 
is inch per foot ordinate of a ten foot straight edge, set upon the surface 
parallel with the path of traflSc, 



DISCUSSIONS ON PAPER No. Q, 


Mr. E. S. Kirk (Calcutta) : — Mr. Radice, who is now in England, is 
unfortunately unable to present his paper and I therefore have much pleasure 
in introducing the paper on his behalf. 

I have no special remarks to make, but I would like to draw your at- 
tention to Mr. Badice’s remarks in the last paragraph— " Whether the sug- 
gestion will prove nseful or not it is impossible to tell without trial. The 
facts as ascertained and reported in this paper are offered for what they are 
worth and in order to provoke constructive criticism.” 

Arrangements have been made with the SecretaVy that any criticisms 
that are made will be forwarded to Mr. Radice for his replies. 

Mr. 6. B. Vaswani (Karachi) : — We are thankful to the author, Mr. 
Radice, for obtaining these important specifications and collecting them at 
some ti'ouble and expense. 

» 

We saw in Lucknow and Hyderabad (Deccan), miles and miles of cement 
concrete roads of various thicknesses. We were given to understand that 
the life of a cement concrete road shonld be reckoned from 26 to 30 years. 
According to the nature of traffio, the thickness of cement concrete was being 
reduced. At Lucknow, where surface painting would have sufiiced, 3 inch 
cement concrete road pavement was being constructed so as to reduce the 
cost of cemeut concrete road when spread over 30 years and to compare well 
with the cost of asphalt pavements. 

Our cement concrete roads are hardly few years old and on the above 
basis of 30 years life, they will require some time for renewal. 

During the interval, the concrete experts would be able to find out how 
to retain in tact the surface of the cement concrete roads. Probably 
inches to 2 inches thick pavement of rich mixture of cement concrete super- 
imposed over the old road may suffice .than providing any kind of asphalt or 
tar pavement. 

The circumstances under which the asphalt pavement recommended by 
the Chief Engineer of Public Works Department, Pittsburg, was adopted, were 
quite different from the usual conditions met in India. In the case under 
reference every pound of dead load per square foot counted, and a new floor 
system, entirely made of aluminium, was adopted for the bridge construction. 
If the question of weight had not arisen, probably the Chief Engineer would 
have adopted cement concrete pavement for the bridge instead of 1^ inch to 
^ inch thick pavement of asphalt. 

Now I would like to take you to the specifications of the asphalt 
pavement. In Paras 2 and 3 of pages 3 (q) it is stated ; — 

“The roadway paving, however, seems to he somewhat too rich in 
asphaltic content and the particle size of the coarse aggregate seems 
to be somewhat too sipall. As a result, tlierp is a tendency for i/ns 
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paving to push and c7'Qivd under vehicular iruffic, parliculai ly near the 
ends of tlie bridge where It is frequently necessary for rapidly moving 
vehicles to suddenly apply their brakes, thus cxeiding a dyag on the 
paving'’. 

This shows that the paving which has been recoinincndod has not boon a 
s access. 

Further on it is stated that : — 

"When it becomes necessary to replace the paving, the department of 
Public Works will probably specify a mi.Ktnro having a somewhat 
lower asphalt content and somewhiit larger particlo size in oi‘der to 
overcome this movement of paving”. 

This shows that the specification recommended is not an ideal one. 

p 

On page 4 (q) it is stated that : — 

"The peneti-ation at 77 degrees Fahrenheit shall not be less than Go and 
not more than 95". 

The range of penetration is too wide. We generally specify penetraticn to 
40, 60 to 70, 80 to 100, etc. 

You cannot get the same results with asphalt of 65 penetration as with 
as 30 an asphalt of 95 penetration. 

The pavement has been described as “Cold Mix", whereas on page 5 (ql, 
para 3 reads as under ; — 

“The asphalt cement, weighed in a special distributing bucket attached 
to a special scale equipped for quick adjustment, shall he poured into 
the mixture in such a manner and at such a temperature between 250 
degrees Fahi-cjihiet and 300 degrees Fahi'cnhicl . . . . " 

This makes it hot mixture and not cold mixture as shown in the heading. 

I am, therefore, of opinion that we should leave it to the local experts of 
concrete, tar and bitumen to guide us as to w'hat kind of treatment would be 
suitable for a cement concrete road in a particular locality, as they are in a 
better position to know the local conditions of aggregates and their behaviour 
in concrete and asphalt mixtures. 

We cannot confine ourselves to one particular specification as local 
conditions vary at different places. 

Mr. Brijmohan Lai (Punjab) : — The method of surface li’eatmciit of worn 
out concrete roads suggested in the paper under discussion appears impracti- 
cable for being adopted in the working conditions of this country. The 
methods of testing, weighing and mixing the different metals are too compli- 
cated for field work hero. The cost per hundred square feet is also likely to 
be very high. In this connection attention is invited to a small note that 
appeared on page 187 of Indian Engineering for December, 1938 reproduced 
below : — 

"Concrete Road Resurfacing.— Partly as an experiment a length of 
concrete road in Pennysylvauia has been resurfaced with a 2' inches 



layer of concrete by tlia Vacuum Process. This method was adopted 
in preference to the complete relaying of the road and it was con- 
sidered that if n now concrete (Inish could be made to bind effectively 
witli the old slab so that it became an integral part rather than an 
added but separate layer, a thickness of two inches was adequate”. 

In my opinion some alternaiiiye on the above lines would suit the 
Indian conditions better. 

q 

Mr. Uildar Hosain (Hyderabad-Deccan) The author is to he congratu- 
lated for having made valuable contributions on the subject before the 
Indian Hoads Congress. The subject is one of very great importance. In 
Hyderabad Tve have considerable milages of cement concrete roads which 
will become due for reconstruction. I would, therefore, like to put a few 
queries so that we may get the benefit of the experience of the members. 

(l) It would be interesting to know whether the author can offer any 
suggestion as to how tlie aluminium floor system should he fixed on the old 
concrete base of a worn out road after it lias been plastered and made ready, 
as suggested in the paper, keeping in A'iew the effects of temperature. 

(2} In the case of bridge flooring, wliilo the introduction of aluminium 
will no doubt reduce the dead load so far as the docking is concerned, would 
it not imply the introduction of some stringoi’s to secure the dispersion of 
live load because of the thinness of the flooring. This would mean that 
while the weight of the flooring is being reduced, the weight of the super- 
structure is being inoroased. 

(3) It would bo interesting to know if any members of the Indian Hoads 
Congress have had an opportunity of trying tho Vacuum Concrete Process, 
referred to in tho Engineering Nows Eecord of December, 1935, October, 
1936, and Mavcli 1937. That process consists of forcing a bond between the 
old and new concrete liy atmospheric pressure {about 1500 pounds per square 
foot) brought into action by suction on special " Vacuum Mats." 

Excepting fpr tho initial cost of tho vacuum equipment the process 
appears likely to prove cheaper in the long run. 

Mr. D. Nilsson (Bombay): — It appears to me that the best method of 
repairing the worn surface might ho by applying li inches to 2 inches of now 
concrete liy the Colloidal grouted process. For this broken metal only 
requires to be spread and lightly rolled and then the Colloidal grout is poured 
into this metal. Being generally of a 1 to 1 mix and therefore a very strong 
grout it will bond much better I think with tho worn surface than would 
ordinary concrete applied thereon. I have however not been able to try this 
out myself but would suggest that if anybody has a concrete road requiring 
I'epairs they make an experiment as I think it w'ould be both very satisfactory 
and economical. 

Hai Bahadur A. 0. Mukerjee (United Provinces) : — As there is a fair 
milage of cement concrete roads in the United Provinces, the problem of 
resurfacing of worn out concrete roads has been engaging our attention from 
some time. Several things have been tried but I am sorry to confess that 
so far we have not found any treatment which can bo I’eoommended definitely 
for adoption. 



Broadly speaking there can be two kinds of surfacings one using cement 
as the binder and the other using bitumen for the purpose. Surfacings with 
cement as binder can, among other things, consist of cement mortar or cement 
concrete, while among bitumen surfacings are bitumen paint, premix carpets 
(hot or cold) or asphaltic concrete carpets. 

"We tried Gunitc — i.c. cement mortar sprayed on to a damaged concrete 
road surface, under pressure so as to build up a layer 1 inch to li inches 
thick. This could also be reinforced. It was not, however a success. It 
broke up under traffic and had to bo taken up and removed. 

Surface painting w’ith bitumen was tried but failed in a short time under 
the iron tyred heavy traffic. In one section bitumen premix carpet about 
1 inch to H inches thick was tried hub this too \vas not a success, although 
it did much bettor than surface painting. 

As thin concrete slabs have been used with success in the United 
Provinces, I think that the only surfacing which may bo used sucoossfiilly 
on worn out concrete roads is a cement concrete slab about 2 inches thick 
or even 1^- inches thick, and reinforced if neoessarj'. 

Mr. S. G. Stubbs (Punjab) : — The only solution of the problem is to lay 
either a thick bituminous cai’pet or another layer of concrete on a worn out 
concrete surface. If a thin bituminous carpet is laid on concrete, the aggre- 
gate is bound to be crushed and the carpet W’ill fail. 

Mr. B. N. Shenoy (Calicut) : — It moans that the surface has worn out to 
such an extent that resurfacing is necessary. There is no reason tlierefore 
why we should not make it up throughout with concrete of 2 inches thick- 
ness, with reinforcement, of course. In Madras Presidency water-ljound 
macadam road is re-surfaced frequently to 2 inches thickness. That would 
be a real solution of the problem. You can preferably also use concrete, 
2i inches thickness. That should provo a better solution. Only, for 2 inches 
aud 2^ inches thick concrete, we have to use smaller sizes of aggregate. 

Mr. H. B. Parikh (Sind) ; — The carpet on the road on tho Llos'd 
Barrage did not stand up to the strain of the traffic. In about swo years time 
it had to be renewed. The reason was that it had got very Imrd* concrete 
as the base below which was unyielding. I do nob, therefore, think that any 
asphalt construction on a cement concrete road would prove successful. 

Mr. D. Nilsson (Bombay) '.—Two speakers have just said that the resur- 
facing should be reinforced. If they consider that reinforcement is necessary 
I would suggest that ordinary reinforcing bars placed crosswise and length- 
wise should not be used, but that instead hoop iron be used in the form of 
rings of about 21 inches or 2 feet diameter; the rings being spaced at about 
. 3 feet or 4 feet centres. 

With the hoop reinforcement the shrinkage of the concrete will be 
taken up by minute cracks between the hoops, these cracks being so minute 
that they cannot be seen and will not aHect the surface. If ordinary 
reinforcement is used the re-surfacing may crack at longer intervals hut that 
crack will then be of a more serious nature and be more diflBcult to deal with. 

Mr. G. P. Bhandarkar (Chairman) I am afraid some of the speakers 
have nob been very fair to the author. The author says that he has some 
special information at his disposal. He has simply furnished tlio information 



abd has not laid down any speoilication to be adopted in India, for putting & 
new surface on dement concrete roads. I think he has done valuable service 
in introducing this subject. 

We find that concrete roads have started well and it is time w'e considered 

some method of dealing with worn out surfaces. Concrete roads have 

generally a long life and are meant to stand bullock-cart traflic. They 

will need resurfacing, and it is a matter for consideration which material will 

stand bullock-cart traffic. In my opinion it is no use thinking about asphalt. 

We must have concrete to concrete. Whether it is going to lie reinforced in 

any particular way, will depend upon the method wo propose to adopt. 

# 

Gentlemen, I think you will join me in thanking the author for introduc- 
ing this valuable subject at this session of the Indian Boads Congress. 


COREESPONDENOE. 


1, Comments made by Hr. 
(Heerut,) by post, on Paper Ho. ft. 


W. F.‘ Walker, Executive Engineer, 


In the future this question may be an important one in the United 
Provinces where we already have 90 miles of cement concrete roads and whore 
additional miles are being steadily added. These miles are standing very well 
and the question is not an immediate one. 

The success of the thin oonorote slabs which aro only 2 or 3 inches thick 
as believed to be largely due to the excellent foundation on which they aro 
aid. In England and elsewhere a very usual form of road construction is to 
provide a cement concrete foundation and over this to lay a black top 
traveUmg surface. If our concrete becomes worn or cracks badly it can then 
be used as a loundation for a bituminous grouted surface or a premix or even 
a hm bituminous concrete sheet. I personally see no reason why another 

concrete thus giving 

another 15 to 20 years life to the road. ^ 

on (Hyderabad-Deccan), by post, 

nrobSms -ft®! for stimulating tho solution of 

res wfnn ^ engineers will have to face, in tho not distant future, in the 
lesooiation of cement concrete roads. 

cement concrete roads w'era first introduced in the Gif v 

^OBtoration and the 5 ^” 
suggested by the Autho^i°™° ° ^‘'Bphalt concrete as 

the road the condition of 

homo to tho'^Swf«e?°cSel?nnd^ 

concrete road which has beuun tn i “ecossity of restoring a cement. 

nas begun to show signs of potential failure by the 
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appearance of ntimerous cracks hei’s and fehera which were nofc there all 
these years ; or the road has not cracked but there is rapid wearing due the 
top rich coat having worn out exposing the lower weaker coarse in ease of 
two course construction. Then even a coat or two of bituminous paint with 
appropriate size of sand or chips depending upon the roughness of the road, 
would serve the purpose and "be economical if there is not intense iron t 5 'red 
cart traffic. These coats may have to be renewed every two to four years 
depending on the intensity of traffic and particularly of the iron*tyred type. 

But the engineers may misjudge or the authorities may fail to 
realise the necessity of restoration by absence of any discomfort in the 
riding qualities of the surface ; then the road would continue to serve its 
useful , purpose for another four or more 3 '^ear 8 before the necessits' of 
restoration is born upon the autorifcies. This one would expect in the 
present state of our finances. The road would have broken up in smaller 
blocks, with unequal settlement or wearing with wide ugly and uncomfortable 
cracks. The author also envisages such conditions when he recommends 
in the last but one para on page 2 (q) viz., “ all broken up and loose parts of 
the concrete must be removed carefully' and the whole surface plastered 
dead smooth”. It is here and also on roads with intense iron-tyred traffic 
that the treatment will have to be different. It is submitted that an 
additional thickness of cement concrete would be best, for, the tar and 
asphalt concrete for Indian climate and traffic are plastic and become more 
plastic during summer and would bring up the defects of the old cement 
concrete road, as they are not capable of overcoming or of bridging the 
defects of foundation, which an elastic hard material like cement concrete 
is capable of. 

What thickness and specifications should be adopted can best bo deter- 
mined by experiments or experience. Thicknesses varying from 2 inches to 
4 inches depending upon the condition of the old road and intensity and 
nature of traffic, may be tried, bias being always for greater thickness. For, 
it is false economy to put smaller thickness, as it is believed that when the 
top ^ inch to 1 inch thickness is worn the remaining small thickness of 1^- 
inches to 1 inch in case of 2 inches slab may not be able to stand the 
pounding and hammering action of traffic and may reproduce the defects and 
cracks of the old road. It is not necessary to aim at uniform thickness 
of the new coat as in the case of plastic materials like tar and asphalt ; on 
the contrary, it is believed that the uneven surface, and hence varying thick- 
ness, will afford better hold and more effective^' resist the temperature 
stresses and warping of the slab, than a uniformly’- thick slab. 

As to the precautions in and specification of preparing the surface and 
laying and proportioning of the renewal coat, it would be a paper in itself. 

Finally^ I may draw attention to the second para of page 3 f’q) of the 
paper under review wherein it appears that the Chief Engineer of Citj' of 
Pittsburg is not quite satisfied with the behaviour of this thin road paving 
which vioves under traffic. I wonder as to whether it would not be better in 
this particular case to fix an additional iron plate over the aluminem plate 
with suitable surface pattern or grooves filled flush with suitable cement or 
• bituminous concrete or even without any filling with a different pattern of 
grooves with soma sort of cushion sand-witched in between the two plates, 
if necessary. In the latter case, there may be the nuisance of rattling 
under iron-tyred traffic but I presume that kind of traffic is negligible in 
that world. Will the Author kindly enlighten me on this point ? 



" 3. Regly by Mr. W. A. Radice (Author) to the comments on Paper 

No. ft, received by post. 

' t 

To begin with, I desira to thank the Secretary to the Congress for 
forwarding to me, here in England, the comments made by members when 
my Paper was read .it the meeting held in Oaloutta. I am also very grateful 
to Mr. B. S. Kirk for so kindly presenting the Paper for me and to the 
numerous members who were good enough to express opinions on the subject 
I have brought to the attention of the Congress. 

As regards the discussion itself, that part of it which partakes of tho 
nature of criticism has been already dealt with, initially by Iilr. E. S. Kirk in 
introducing the paper and finally hy Mr. G. P. Bhaudarkar, the Chairman, in 
summing up the discussion, both pointing out that my Paper limited itself 
to the impersonal presentation to the Congress of certain facts which had 
come to ray notice and which, I considered, might be of general interest to 
the Congress and might even cause tests or research to be undertaken in good 
time. 


The next point which emerges from the discussion is the appositeness 
of the Paper itself as regards the time of its presentation. Mr. G. B. Yaswani 
thinks that as concrete roads are expected to last 25 to 30 years there is 
plenty of time to enable conorete experts to discover a method of producing 
an everlasting surfacing process. . Against this opinion Rai Bahadur 
A. 0. Mukerjee, of the United Provinces stated specifically that the problem 
has been engaging the attention of the road engineers of his province for 
some time. Where fact is opposed to speculation, it seems wise to be 
guided by the former and to ignore the latter. This point of view is support- 
ed by Mr. D. Nilsson and I feel that many members must have considered 
his recommendation that tests should be undertaken immediately, most 
valuable and opportune. Tests can easily and cheaply be carried out and 
perhaps, the Technical Committee of the Congress, may consider it worth 
their while to encourage such action by individual members who are in a 
position to carry them out and to coordinate these individual efforts on. 
homologous and comparative lines. 

Mr. G. B. Yaswani in drawing the attention of members to the slight 
defects of the original specifications discovered in practice by the Chief 
Engineer of the City of Pittsburg and to his recommendations for improving 
the mix in future replacements has performed a valuable service to those who 
may be planning tests. I think, however, that this critic cannot be acquitted 
of a certain tendency to superficial thinking. He has omitted from his 
quotations from the Chief Engineer's letter the sentence 

“In general, however, the paving has been verj^ satisfactory and 
there hns been no difficulty with adhesion between metal plates 
and the asphalt surfacing.” 

Nobody will deny that specifications of asphalt pavemeut can be varied 
within very wide limits and no doubt, any member carrying out tests, will 
avail himself fully of this latitude. What seems to me the most important 
and valuable result, resulting from the Pittsburg pavement described, is that 
it provides positive and definite information as to adhesion betw'cen asphalt 
pavement and a smooth aluminium surface. This being so, it would seem as 
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indisputable that an asphalt pavement laid on a vrorn-out concrete surface 
should not fail owing to insufficient adhesion between tlie two materials. 
This is a consideration of the highest importance, especially as none of the 
members who expressed a preference for a concrete resurfacing made any 
reference at nil to any experience they may have had as regards this governing 
factor. 

With these considerations in mind, the silence of the asphalt and tar 
expert members, usually strongly represented at Congress meetings induces 
in me the speculation that the Pittsburg experiment may have, in their 
opinion, strengthened the case of the concrete road supporters. Throughout 
my career I have always deplored the division of the steel and concrete 
interests as' regards bridge construction and have been strongly convinced 
that a fusion of these antagonisms to ensure the proper use in the proper 
place of the proper material would be to the advantage of the community as 
a whole. The case in point would appear to offer a similar opportunity for 
fusion between the asphalt and tar and the concrete road supporters. 

, Turning to another aspect of Mr. 6.B. Vasw'ani’s remarks, I would like 
■ to remind him that my paper recommended nothing, except perhaps the 
carrying cut of tests, 

Mr. Brijmohan Lai’s opening statement seems to me unduly pessimistic 
of Indian working conditions. In many fields of the art of Engineering, Indian 
Engineers have letfd the world, not only in scientific analysis and in theory 
but also in practice ; especially in river training and irrigation, I w'ould 
deprecate the type of remark that might lead a foreign reader to conclude 
that Indian Engineers suffer from an inferiority complex. The land abounds 
with magnificent engineering works to disprove it. 

I think I can reply to Mr. Dildar Hosain’s first tw’o queries. His 
first query is obviously due to lack of clearness in my paper and I wish to 
express regret for it. In Pittsburg the thin asphalt paving was put on to 
aluminium plates forming the deck of a bridge. On roads, the asi)halt pave- 
ment would be laid on the worn-out concrete surface ; no aluminium would 
be used. 

As regards his second queiy, the floor system of the Smithfield Street 
Bridge consisted of aflat aluminium deck plate 3/8 inch thick supported by 
longitudinal aluminium channels 8 inches deep, placed on edge at 8 inches- 
intervals and resting on the cross girders of the bridge. The total weight 
of the floor system and surfacing including the asphalt paving, aluminium 
deck plate and channel stringers was about 34 pounds per square foot ; a 
very light flooring indeed. 

I must bow to Rai Bahadur A. C. Mukerjee’s experience with thin 
conci’ete slabs. I -would enquii's whether these slabs Avere actually used on 
worn-out concrete roads, and if so whether the bond between the old and 
new material has effectively withstood the test of time. This seems to me 
the crux of the question, that of bond or adhesion and on this point we 
cannot have too much evidence. 

The opinion expressed by Mr. S. G. Stubbs that a thin bituminous 
carpet laid on concrete, will fail doe to the aggregate getting crushed, is so 
entirely contrai'y to the Pittsburg experience that I consider it should not 



discoui’aga investigators until one or the other divergency is established by 
tests in India. Mi’. H. B. Parikh’s experience on the Lloyd Barrage supports 
Mr. Stubbs’ opinion. - It would be interesting to oonnpara the specification 
of the Lloyd Barrage road carpet with that used at Pittsburg in an effort 
to account for the reported divergency of results. 

Mr. TV. F. TValker refers to the use of a black top travelling surface 
over a cement concrete foundation' very usually used in England and else- 
where. I shall try and obtain detailed specifications of this black travelling 
surface and particulars of its behaviour and if obtained shall be liappy to 
communicate them to .the Congress. His suggestion of another thin 
oonorete slab omits any reference to bond and adhesion between the old and 
the new. 

I have read with a very real interest Mr. H. .M. Siirati's comments. 
He brings up the very interesting point that funds for I'epair of worn out 
concrete roads might not be available at the optimum period, and that 
therefore methods of repair will vary according to the amount of deteriora- 
tion which has accrued. Tliera can be no doubt in the mind of anybody 
experienced in the methods of financing road repairs in India that the 
contigency envisaged by Mr, Surati is more than probable. 

I do not pretend to be a road expert, as I cleai’ly explained in my 
Paper and so will not venture to comment on Mr. Surati ’a highly practicable 
suggestions ; there is more than ample talent among the members of the 
Congress to do so competently, and my hope is that some member or mem- 
bers may be induced by Mr. Surati’s remark to submit papers analyzing the 
possibilities in greater detail. The question raised by me superficially 
enough is going to be so important in the near future that the value of dis- 
cussion and experiment at the present time, before a wide-spread need of 
action has arisen, can hardly bo exaggerated. 

As regards Mr. Surati 's concluding question, I can say that iron-tyred 
traffic is unknown in American cities and would not be tolerated for one 
moment. The public demands good I’oads, easy to ride over and whilst it is 
content to leave the economics of road repairs to the experts paid to can^ 
them out, it refuses to submit to the general discomfort of having to travel 
over roads damaged by a type of vehicle wheel wiiicli can be eliminated by 
tlie stroke of the pen. 

Summing up the discussion ; there seems to me that the following 
points have been made, 

1. That the subject is of growing importance. 

2, That experimental work is necessary, and it w’ould appear to me tliat 
the sooner experiments are made on the best means of correcting various 
degrees of disrepair of concrete roads the more efficiently will the money 
available be used when the time comes. 

The discussion has also suggested to me a profitable line of enquiry 
which perhaps the Technical Comnjittee will take up, in view of its para- 



inoMiil importance. That in llm qucjitien of tin- I'rtinniwir'. of Itoarl rcp.nir*. 
There .*1110111(1 ho an optiimmi momen! nmi optiiim for icpairin;: 

every type of road i>«urfa«;o in order to heep tin* cost of of iit«-d 

standard of htirfiico cjicellrnce. IVrhaps it iu impor.’.ihh' to dinrover any 
fundnnu'ntal j;«idini! prineipio'S in such a complex (Jilt -.lii'n, I do imi kiniv.', 
I merely throw nut the !.U|;r;evtion in older tti ’.timulaltf thoipdit ainouftsl 
tlie me-mhor<< I feel auie tiiat if th(’ ('loii};»eh<; olVeied a pti^e (t,f rontrihii* 
tionn hy the road ejifjiiieeia of liidin nf their jihri’i and ••Xf'erier.ee on sueh 
a ciihjeet, it may ha foisihlc to crdlecl inatcri.al from whieh •;<»me ;midiii;: 
princit'le or principles may cmeipe. 

All that ha'i heen s'vid in thi* di».tiU!o.ii*n. uiul csprcially what hju 
Iwrn omitted, conlirms in my mind that the (jnerttotj of Ixmd ia the teal 
crux of the tnohli'm and I nmild invito exj'i rimrnteis to devote jjierjal 
ntlcntion to tlsi.o farttir. 



PAPER No. I 


iffr F, V, Chanoe (Chairmaa) : — I will ask Mr. Nilsson to introduce Ins 
Paper No. I. on "Subraersible Bridges." 

The following paper was then taken as read ; — 




PAPEB No. I. 


SOME NOTES ON SUBMERSIBLE BRIDGES 

By 

D. Nilsson, B.Sc., M.I. Struct. E. 


Submersible bridges, bridges that can be submerged and still remain 
undamaged, are fairly well-known in India but not in Europe. They are not 
uncommon in Australia and Africa also. As most text books coma from 
Europe or America there .ire not many that deal with submersible bridges 
and personally the author does not kno^Y of any. A few remarks on this 
subject may therefore bo of service to those who have not already had experi- 
ence of this typo of structure. 

The chart marked Figure 1 gives the heights of floods (vertical axis) and 
dates (horizontal axis) in the River Waingnnga at the site of Bhandara Bridge 
during the monsoons of 1928 and 1929. This chart is n typical example of 
what is obtained on many rivers in India. Very high floods occur three or 
four times during the monsoon, but the water level rises so fast and falls 
again so rapidly tliat the peak levels of these floods only last for a very short 
time, usually a matter of a few hours, and the bridge is only out of use for a 
short period. 

Daring the monsoons shown on the chart the floods did not roach the maxi- 
mum high flood level which is about R.L. 110. A high level bridge to cover 
this w'ould require to have its road level at about R.L. 118, but it was built 
as a submorsihlo bridge with road level at R.L. lOd.75 as shown in Figure 5. 
If the bridge had been built as a high level bridge with road level R L. 118 it 
cOuld be seen that it would not only have been much higher than the 
submersible bridge but would have required to bo longer in order to pass the 
flood waters without seriously afl'oeting the afllux level. Probably the high 
level bridge would have required to be about oigbtoon bowstrings or similar 
typo spans of 100 feet each and would have cost much more than tbo 
submersible bridge. During maximum high floods much of the country all 
around is under w'ater and long approach embankments would have been 
required at either end of a high level bridge. 

The point to decide considering the traflic to be carried is whether the 
few hours that the submersible bridge is liable to bo closed are worth the 
extra cost of building a high level bridge. 

Now oven though the flood chart may indicate that a submersible bridge 
would bo adequate the site may bo such bliat a submersible bridge would not 
be suitable, or it might cost- just as much or even more than a high level 
bridge. No two sites are over exactly the same and thei’efore hard and fast 
rules cannot bo laid down. I think the simplest and clearest method of 
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iUusfcrating various points will ba to give oxamplos and discuss tho points ib 
each example. But before doing this the conditions which a submersible 
bridge must withstand might be mentioned. 

A submersible bridge has of course to carry the same live loads as ahy 
other bridge as well as its dead load. But in addition, it has to withstand a 
very considerable horizontal thrust and perhaps an up ward* lift from the flood 
waters. Further when tho flood is passing through the openings of the 
bridge the velocity of flow is materially increased and more than usual scour 
must be anticipated. 

The worst flood effects will probably occur when tho water is just 
overtopping tho bridge. I do not think that an accurate estimate can ever 
bo made of tho forces acting upon tho bridge under this condition. It is, 
therefore, considered sufQcient to make rough approximations of these forces, 
being careful that tho rosults aro not less than what may possibly occur. 
The following simple method has been used for many years with satisfactory 
results. 

When a flood tops tho bridge the level of tho water at the top of the for- 
ward edge of tho upstream coping will be banked up as shown exaggerated in 
the sketch below. At tho down stream side of tho bridge there may be the 
trough of a standing wave if tho velocity of flow is high. 



The forces can therefore be broken up into ; — 
That due to the static head 'h’. 


(it) That due to the impact of the water and debris. 

(m) That due to eddy motion at the back of the piers. 

(iv) That due to the friction of the water against the piers and soffit. 

(u) Uplift due to the head equal approximately to the thickness of 
the superstructure plus the afflux 


is 


In addition it must not be forgotten that the dead load- of 
reduced by 62.4 pounds per cubic foot when submerged. 


the structure 





Take as an esatnple the bridge sketched below ; — 


— lo'.e" — ^ ‘ 




Then working out each of the forces mentioned above ! — 

(i) The pressure due to the static head will be ‘h’ times the weight 
of w’ater per cubic foot ‘w'‘. This pressure will act over the whole horizontal- 
ly projected area of the bridge obstruoting the flow. In estimating this area 
the maximum scour must be assumed to have occurred. Assuming that the 
deck of a bi’idge is 27 inches deep and that the obstruction to the flow raises 
the surface level 9 inches in front of the upstream edge of the coping and 
that the water emerges 1 foot below’ the soffit at the downstream edge, the 
pressure then will be 

wh=G2.4: (9 inches +2 feet— 3 inches +1 foot) 

=250 pounds per square foot. 

It IB not quite correct to say that this pressure will act over the whole 
horizontal projected area of the bridge as the pressure within the height ‘h’ 
will vary from 0 to Svh’. How’ovor it is doubtful whether the saving made 
is worth the trouble of w’orking out the tw'o separate areas, pressures, and 
centres of pressures. 

Molesworth's Pocket Book gives the following formula for calculating 
the rise of water caused by an obstruction, 

““(sS+H |(a^)*-i 1 

where V = velocity of river previous to obstruction in feet per second. 

A = Sectional area of river unobstructed in feet. 

a =area of the obstruction. 

In the example taken this would give B=0.81 foot, 

This formula depends upon the constants included and they must vary 
for each river .bed and it is probable that some reasonably safe assumed figure 
^oiUd be just as good. 


(h) For estimating the pressure duo to the velocity take the area of flow 
of tho river just upstream of tlio bridge as ‘A* and tljo area of the obstruction 
as 'a*. Then the pressure duo to tho velocity is : — 
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where v= velocity of approach 


In tho oxamplo A =1295 square foot. a=231 square feot assume 
v=10 foot end then tho pressure becomes: — 


62.AX10Y 231 y 
2X32.2 UOGd-' 


= 4.6 pounds per square foot. 


(iff) The loss in head duo to tho sudden enlargement of the stream after 
passing tho bridge *.c., the loss of head duo to the formation of eddies 
will bo ; — 

(V* through bridge - V after passing bridge) ” 

2g 

Assume tho velocity through the bridge to be 15 feot per second and 
after passing the bridge 10 feet per second then tho pressure due to eddy 
motion is ; — 

62.4- ~ ^ — ^=24.2 pounds per square foot. 

The velocity through the bridge has been assumed hut if the velocity 
above the bridge is 10 feet per second it is easily calculated that for the 
obstructed area of flow it should bo 12.2 feet per second. However as it 
is impossible to know the contraction whicli may occur or the other possible 
obstructions, such as tho bed not being scoured to tho supposed level, it is 
advisable to assume a velocity which is on tho safe side. 

(iv) The friction on the bridge can be represented by a formula : 



where 'f' is the friction co>efidcienb between the water and the bridge when 
the velocity is ‘v’ and ‘p’ is tho area of the surface of the bridge in contact 
with the water. 

The co-efiBcient ‘f was given by Froude in experiments made many years 
ago as 0.588 pound per square foot for coarse sand. Tho author has not 
been able to find any more suitable experimental results. The coarse 
sand figure would it is thought be low for masonry such as is generally 
used in bridge piers and a safer figure would be 1 pound per square foot. 
Then in the example we have : — 

F= 1X2388 5,400 pounds. 

This is equivalent to a pressure of about 23i pounds per square foot 
on the area of obstruction. 

The formuIsB given under (ii) and (iii) are derived from the flow in pipes 
and it is likely that they are not correct for open channels, but it "ig 



considered that they arc sufficiently accurate for their purpose which is to 
give a safe idea of the lateral pressure on a bridge and not to delve deeply into 
hydraulics. It is possible to combine the results of (ii), (hi) and (iv) by using 
Gibson’s formula derived from dragging a solid through water ; it is 
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Here again wo have a constant '0* which must bo filled in according to 
tlie type of obstruction offered e.g., flat ends, one fiat end, one tapered end, 
both ends tapered etc., and it may vary from 0.65 to 0.125. 

(u) The uplift head under the slab may bo the thickness of the slab, plus 
the assumed afflux, less the head lost duo to increase in velocity. In this 
case to be again on the safe side take the minimum velocity under the bridge 
as 12.2 feet per second. The uplift pressure then becomes*. — 

1 /12 2 * — 10®\1 
2 feat-3 inches +9 inches — ( ~ ~ 7 1 ~ pounds per square foot 

Of the horizontal forces it is seen that (l) is very much the greatest. In 
arriving at this force the afflux and the fall below the bridge must be known 
and at present can only be estimated approximately or guessed. It would 
be of great service if those engineers who have submersible bridges under 
their charge could observe and report to the Indian Boads Congress on the 
variations in these levels and the velocity of the river above and through 
the bridge. Even roughly measured figures would be of assistance. 

All the horizontal forces may bo greatly incroased if as frequently occurs 
large quantities of timber are carried down during floods. "Where this may bo 
expected the' engineer must estimate how much further obstruction may be 
caused by trees sticking against piers and under the deck. Small low spans 
are much more liable to become blocked witli debi’is than larger spans having 
ample cloaranoe between the ground and the deck soffit. Photograph III 
shows whole trees held up against the Mandla Bridge. 

The stability of the bridge under these horizontal forces must be 
checked and when doing this the dead weight of tlio piers must be reduced 
by 62.4 pounds per cubic foot. This gives a resultant force acting as 'E' on 
the. sketch, and as this falls witiiin the middle third of the pier the structure 
is safe. If necessary tlio pressures on the masonry and the foundation at 
the downstream end of the pier may be checked, and as long ns these pressures 
are safe the pier will be stable whether the Eosultant falls within the middle 
third or nob. However, it should be noted that in order to contain the 
Besultanfc within the middle third the downstream end of the pior has 
generally to be given a greater batter than the upstream end. 

If the piers had been founded on piles instead of on rock the problem 
would not bo so simple. Allowance would have to bo made for bending in 
the piles or for raking piles to take the thrust. The piles would also have to 
be arranged so as to accommodate the extra load which would come on the 
downstream piles. . 

As regards the shape of .the piers it is common to find both ends the 
sj(m0) square (a), pointed (b), or rounded (c). Another common arrangement 



is to Imvo 11)0 pioi' poiotcd nl tbo upslronm oud nnd rounded nt tlio down 
st)‘enin oid (d). This I'ouudcd downstream end is certainly better able to 
take tho inci'oasod pi-ossures whicli occur tlioi'o. Ilowovor tljoso pressures 
nvo j’cneially puiall onoufib to be ucylected and it would bo bettor to shape 
tho pier to cause as little eddy n)otjo)i as possible. Tho eddy motion forces 
on tho bridge arc adinitlcdly very simill hut they are an important cause of 
scour. 


(fl) 
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Tho piers would thcrcfoi'o bo best shaped as nt (e) with tlie upstream 
end rounded and tho downstream end tapered as slowly as reasonablj* 
possible. This may sound rather revolutionary but one has only to consider 
tho shape of tho cross section of an ueropinne wing to t'calisc that it is the 
nearest to correct streamlining. Or it may ho justified from tho formulie 
already given : — 


(ij & (»■) Tho horizontal projection of the lividgo is tho .same whatever 
the shapo of tho front of tlio pier and therefore theso two forces 
remain the same. 


(Hi) Tho velocity of t he water will bo gradually reduced owing to the 
gradual widening of tho distance between the pier faces with tlie 
tapered downstream ends. That is at two adjacent sections 


will be very small. 




To avoid excessive obstruction to tho flow of ll)o river when tho bridge 
is submerged tliore must iio either no railing or else some sort of collapsible 
or removable railing. Figure 2 shows a type of colla])sililc railing which was 
designed by the Central Provinces Public Works Department and has proved 
successful on many bridges. 


The bridge over the Narbadda liiver on tlie Hoinbay-Agra Road though 
very high above the river bod has a railing only on the upstream side. This 
railing falls horizontally by the force of tho flow when tlie flood tops the 
bridge. Some engineers specify wheel guards, others posts with removable 
chains hanging between them, and in some cases whore tlio bridges are low 
there is no side protection at all. 


The following are some examples of submersible bridges : — 

Waglioli Bridge . — Figure 3 and Photograph I was one of tho first rein- 
forced concrete submersible bridges to be built, being completed in 1927 Very 
flat arches having a rise span ratio of 1 to 10 wore used in order to cause the 




minimum obstruction during high floods. These flat arches also have the 
effect of passing ordinary, floods without the obstruction which would have 
been caused by the springings of arches of ordinary dimensions. The river 
carries down much debris and this bridge was therefore designed with 
perfectly flat spandrel walls and no cornices or projections which could 
become 'damaged by floating logs or trees. 


The bridge was founded on reinforced cement concrete piles. No raking 
piles wore employed under the piers as the pile caps were taken down into the 
clay to a depth below which scour was not anticipated. 


At the site of the bridge the loft bank is very high and steep so that the 
approach is in cutting. On the other bank tlio general ground is level with 
the bridge road surface and there is therefore no embanked approach. This 
is an important point concerning submersible bridges ; avoid approaches on 
embankments and if possible have tho approaches in cutting or at ground 
level. "Whore tho current is at all swift ombanknients arc very dillicult to 
protect adequately and may form a continual source of trouble and e.\pcnso. 
In cuttings the flood will only form a back water and somo silting may occur, 
but with adequate side drains tho road will not ho damaged. 

2Iandla Brirff/c.— Figure -1 and Photographs II and III. This was an old 
bridge built by tho Public ^Yorks Deimvtmcnt over tho Narbadda Piver in 
1913. It consisted of eighty 20-feet arches built of brick or of limo concrete 
stono faced, with lime concrete spandrels and stono paving. It gavo satisfac- 
tory sovvico until the monsoon of 1926 when several spans wore washed away 
and much damage was done. Tho author’s linn replaced t))o tlirco central 
spans by a single reinforced cement coucroto arch and the damaged causeway 
at tho end by three reinforced cement- concrete arches and replaced tho 
lime concrete spandrels by plum cement concroto in tho remaining old arches. 
During floods this river brings down a groat deal of dobri.s including whole 
largo trees. Photograph III shows a flood nearing road level. The tree which 
seems to ho standing vertically ns well as tho othor Imushwood has boon 
brought down by tho flood and is stuck against the bridge partially blocking tlie 
waterway and hammering against the structure. When a river brings down 
much of such heavy doliris the spans should bo designed largo enougli and 
high enough to pass the trees etc., without their jamming. Of course in 
some rivers debris is nob brought down until tho flood has reached a consider- 
able height and then the road level may be nrrnuged so that all floating 
material passes over it. 


Bhandara Bridge . — Figure 5 and Photograph IV. This is a very largo 
submersible bridge being 1650 feet long and consisting of eighteen arches of 
86 feet centres. Tho arclics arc of normal rise to span ratio and the typo of 
Buperstucturo is cloar from the drawing. 

The chief problem with this bridge was tho foundations as the river bed 
consisted of waterlogged fine sand in somo places as much ns 85 foot deep. Tlic 
sand lay over rock which was stratiiicd, the layers being more or less vertical. 
Concrete cylinders wore sunk as far as they would go by open dredging 
and then piles wore driven inside and tho cylinders afterwards plugged 
with concrete. It was found that tho piles with a Gammon Patent cast iron 
shoe could bo driven as much as i feet into tho rock without damaging them. 
Though it could bo expected that somo scour would occur right down to rock 
this arrangement allowed of the piles being braced just' above rock level; 



so that thoro could bo no bonding moment in them. As nn additional pro- 
caution bouldor filling was placed round tho pier bases and loft to sink- to 
rock lovol as scour occurred. 


The approaches of this bridge were in shallow cutting or at ground level. 


The author understands that this bridge has boon submerged yearly 
einco 1929. 


Andura jBrWffc.— Figure 6. This bridge crosses tho Puma Eivor and 
although tho road surface is about 40 feet above tho bed level it is 
liable to be submerged by 15 feet of water. This is again an arch bridge 
w'hich being very solid and heavy is eminently suited to withstand tho 
largo overturning moments that are produced by tho horizontal forces 'pn 
such n high bridge. Tho batter of 2» inches per fool on tho downstream 
onds of tho piers should be noted. 

In the design of tho arches the ci'own thickness and the cover at tho 
crown are kept as small as possible in order to give tho minimum obstruction 
to flow. Tho end abutraonls should be stable without tho assistance of tho 
pressure from tho earth behind them which might possibly get washed out 
at any time. 

Tho Tapti Bridge shown on photograph V is very similar to tho Andura 
Bridge and a drawing of it is therefore not shown. As can bo soon from tho 
photograph the bridge is a largo one but none the loss in 1931 it was over- 
topped by 33 feet of water. 

Bara Bciua Bridge , — Figure 7, Photograph YI. This is"a beam and slab 
design deck suited to a submersible bridge. Tho road lovol being only about 
15 feet above bed level, arches would have obstructed too groat a proportion 
of the flow unless very small spans were used and that was impracticable on 
account of tho rather expensive foundations. Tho bottoms of tho beams are 
joined by a slab so as to give a smooth sofiit. 

Madhav Khadi Bridge . — At this small bridge of twenty spans of 18 feet 
each rock was showing at bod level so that small slab spans supported on 
reinforced cement concrete piers were economical. Those offered so little 
obstruction that the piers could bo made shorter than tho width of tho deck 
and still remain amply strong. 

Kalpani Bridj/c.— Photograph VII. Being very low and offering but 
little obstruction it has been possible in this bridge to make some saving bv 
reducing the length of tho pile caps and having tho piers narrower at the 
base than the top. The solid roinfoi'ced cement concrete slabs have their 
edges rounded to be less liable to damage. Tho road is protected by woodon 
posts sitting in holes in the dock so that they can bo removed if desired or 
if not removed before submersion any which may be lost or broken can bo 
easily replaced. 


Sone Br/dfifc.— Photograph VIII. A small submersible bridge combining 
a 7o foot arch and slab spans of 17 feet 6 inches. The arch spans tho centre 
of the river where there is a considerable depth of water and waterlogged 
sand overlaying the rook and foundations would have been too expensive to 
continue the small spans for the full length of the bridge. 

XaZmnd/i Bmr Enrfpc. -Figure 8 This bridge has twentyfiive spans 
each of 33 feet 8 inches. Four, or five spans are designed and built as 
continuous with the result that a slab of minimum thicLess is required 
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To further reduce the bending moment and hence the slab depths, the 
bottom of the slab is corrugated near the centra thus reducing the dead load 
there. These corrugations were formed by using steel trougbing as centering. 

Banas JSndga.— Photograph IX. This large bridge was designed as a 
submersible bridge, ‘for although the high flood level is not expected to rise 
much above road level it is almost at road level. It was considered however 
that a fixed railing would be satisfactory. The bridge consists of eighteen arch 
spans each of 86 feet and ten slab spans similar to those in the Kalisindh 
Bridge. The small slab spans were used where rock level approached near 
the surface and enabled much cheaper foundations to be built. 

Monaguni Bridge . — Figure 9. This is a small bridge which is at present 
under construction. It is an example of a submersible bridge on piles which 
are liable to be partially exposed due bo scour. The piles pass through sand, 
gravel, and then clay overlying rock and it is possible that the sand may be 
scoured out. The piles on a hatter will take up most of the thrust and be 
helped by the other piles which can withstand considerable bending moments. 

The site is not ideal for a submersible bridge ns there are approach em- 
bankmants-on either side. The road level, was first proposed at R.L. 36.00. 
That would have avoided the embankment on the one side but would have 
meant that the bridge and the remaining embankment would be submerged 
yearly. By raising the road to E.L. 44.75 the increase in cost was very little 
and only very exceptional floods will submerge the bridge or embankments 
while all other floods pass under it encountering only little obstruction. 


The author does not think that the costs of these submersible bridges 
will be of much service as their construction was spread over a number of 
years during which the cost of materials lias varied considerably. Also 
foundations and sites always vary and affect the costs enormously. However 
in case the figures should be of interest a table of costs is given below; — 


Name. 

Year 

Com- 

pleted. 

Overall 

Length 

Total 

Cost 

Cost per 
running 
foot. 

Cost per 
Equare foot 
ol elevation 
area fiom 
bottom ot 
foundations 
to top of 
copiDR. 




Hs. 

Bs. 

Bs. 

Wagholi Bridge 

1927 

455'.0'' 

2,75.720 

606 

13-8-0 

Bhandara Bridge 

1929 

1644'-0'' 

6,81,630 

35f 

8-2-0 

Andura Bridge 

1931 

490'-0” 

2,86,499 

585 

9-8-0 

Tapti Bridge 

1931 

690'-0'' 

2,82,966 

479 

12-12-0 

Bara Bewa Bridge 

1931 

301'.9'' 

1,18,500 

393 

11-10-0 

Madhav Khadi Bridge 

1932 

362'-6'' 

28,500 

79 

6-1-0 

Kalpani Bridge 

1932 

10l'-9'' 

39,000 

383 

5-7-0 

Sone Bridge. 

1933 

196'-0'' 

24,500 

12‘6 

13-10-0 

Kalisindh Bridge 

1934 

952'-2" 

1,71,602 

380 

9-4-0 

Banas Bridge 

1936 

1987'-0'' 

4,30,385 

217 

5-2-0 


fill* points to which no reference has been made are the nature of the 
filling to spandrels and the road surfacing. It is obvious that the road 
surface must bo of some material which cannot be washed away such as stone 
s abs or blocks set in cement or asphalt or concrete reinforced or plain. If 







ft reinforced concrete roadway has been provided it may be considered ^ that 
the spandrels could be' filled with earth or boulders but such a practice is 
liable to result in trouble. If the spandrel filling is pervious there will be a 
hydraulic upward pressure under the road surfacing due to the banking up 
of the river in front of the bridge. This upward pressure will considerably 
assist the water rushing over the bridge to break up the road surface and 
float it away. After this any weak filling would be quickly washed out. 

Briefly the points to be watched in a subncersible bridge can be sum- 
marised as follows : — 

(1) Choose a site where the approaches will not be in embankment. 

(2) Make the spans long enough and high enough to pass all floating 
debris. 

(3) Design the superstructure to be heavy enough not to bo washed 
away and also to offer as little obstruction as possible to the flow 
of the river. 

(4) Design the piers and foundations to be stable under the worst 

conditions of submersion. 

(o) Use only impervious materials. 

(6) Arrange for remov.abIe or collapsible railings. 

(7) .Woid ornamentation or spaces in which debris can become 
entangled. 

(8) See that the work carried out is of tho best quality materials and 
workmanship. 




Wagholi Bridge! 









Bridge. 





III. Mandla Bridge. 
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IV. Bhandara Bridgi 
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DISCUSSIONS ON PAPER No. I. 


Mr. D. Nilsson (Author) : — Having i-ead over this paper in the train 
coming across liore, months after writing it, I think that I owe an apology 
to those people who ai'e experienced in the construction of submersible 
bridges for having written such an elementary paper. However, if it 
produces the facts and figures which I am anxious to obtain, then I think 
it will have served some purpose. If any of you has got a submersible 
bridge in his cliarge, what I paiticularly want to know is, when a flood- 
is just going to over-top the bridge, how much is that flood banked up, 
i.e., how much is the'afflux? Also, when the flood emerges from the down- 
stream side of tlie bridge, wliat shape does it take and what level is the 
water compared to tlie level of the bridge deck ? If accurate data on these 
points were avaibiblo, I think that we might be able to obtain more 
correct figures than those produced by the rough for-mulro which I have shown 
in my paper, I hope that those Engineers who have submersible bridges in 
their charge, will try to obtain such figures ditring the next monsoon and 
submit them to the lloads Congress. 

Mr. McKelvie (Central P. W. D.) : — 1. It is unfortunate that the 
Author Ima taken the graph of the flood levels at the Wainganga bridge at 
Bhandara to illustrate typical flood valuations of rivers over which submersi- 
ble bridges are required. The Wainganga at Bhandara is relatively a slow 
flowing stream, h'ar more typical are the graphs of the T.ipti at Burlianpur, 
tlie Puma at Wagholi and Andura and tlie Bara-Eewa near Narsingpur 
described in the paper. Other typical rivers in the Oentral Provinces are the 
Narbadda at Tilwarnghat and .Togi Tikaria, the Alan at Balapur, the Kanban 
at Eimakhoua, the Pangangn at Ohikli, the Penoh, the Joliilia, the Ohota 
Puma and a host of otliers. 

As stated m the paper, the highest recorded flood over the Tapti bridge 
at Hurhaiipur was 33 feet liiglior than the bridge formation level and about 
3C feet bisher than the ordinary flood level- In the case of the Narbadda 
at Tilwaroghat, the highest recorded flood w'as 85 feet above summer water 
level, 53 feet above the average monsoon flood level and 48 feet above the 
bridge formation level. 

The Bhandara bridge was, at the time of its design, regarded as a 
“border line” case and figures were taken out to see whether a submersible 
bridge or a high-level bridge would be more suitable. The other bridges 
mentioned above are not “border line” bub typical cases necessitating the 
construction of submersible bridges. The Tihvaraghat submersible bridge, 
for example, cost wdth its approaches about Es: 7/- lakhs while the railway 
Itinh-level bridge constructed at the same time and a few miles dowm-stream 
cost Es. 44/- lakhs. 

The .-\ubhor has not stressed the fact in his paper that a submersible 
bridge is constructed only when it is cheaper than a high level bridge and then 
too, cheaper to an extent suflioient to compensate for the fact that it will 
pe out of action for a short period every year. 
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2- It may be of interest to members if some remarks are recorded 
on the history of a few of the bridges described in the paper- Some of 
these bridges are not to be regarded as examples of the last word in the design 
of structures of this type but rather as illustrating stages in the develop- 
ment of the technique of submersible bridge construction. 

In a new art or science such as this, more can perhaps be learnt from 
a discussion of improvements in technique than from a mere description of 
actual structures which may not represent the latest accepted practice. 

Briefly, the flat arches of the 'Wagholi bridge were afterwards regarded 
as a bad mistake. The Bhandara bridge was also designed with fairly flat 
arches but during construction the rise was increased by 6 feet An analysis 
of rise-span ratios for solid spandrel submersible bridges in the Central 
Provinces some 3 'ears ago showed that a rise of one flfth of the span was in 
average oases the most economical in the conditions prevailing in that 
province. For the corresponding high-level bridges, the best ratio was 
about 1 : 4. 

The one flfth of span ratio was adopted for the Andura bridge (des- 
cribed in the paper) over the same river as the Wagholi bridge and a few 
miles down-stream and also for the Khiroda and Manegaon bridges over the 
same river. It will be seen that the cost per squai-e foot of elevation of the 
Wagholi bridge was nearly 50 percent higher than that of the Andura bridge 
and, although the change in the rise-span ratio was not solely responsible 
for the cheaper cost of the latter, it was undoubtedly an important factor. 

The flat arches at Wagholi were adopted against some opposition 
because of the mistaken theory that one of the ruling considerations in 
submersible bridge design is the necessity to offer the least possible 
obstruction to the river. Afterwards, the views of more experienced 
designers prevailed, namely that obstruction was a factor which should be 
analysed and not treated with unscientific awe. 

The Author has rendered a great service to the profession by 
recording the details of such an analysis in his paper but he has not com- 
mented on the practical application of his rules and, in his summary, has 
arrived at certain conclusions which are not now’, I think, generally accept- 
ed by many engineers interested in this type of vvork. 

- The Bara-Rewa design (described in the paper) was never repeated 
m the Central Provinces, though there was another small bridge constructed 
at the same time to a similar design. These bridges w’ere afterwards ad- 
judged both expensive and ugly and later experience confirmed that, for 
conditions such as those met with at the Brfra-Rewa, encased girders were 
much cheaper and more suitable. 

The Bhandara foundations gave much anxiety. Light concrete cylind- 
eis such as those sho^Yn in the design are, I believe, now regarded in the 
Oentral Provinces as definitely 7iot suitable, if root is more than 20 to 25 
feet below the river bed. Other requisites are that the bed must be composed 
.of sand or similar material and the rock strata below must have vertical 
fissures or crncks or be fairly soft. 
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I understand that this design was adopted at tlie Puma bridge recent- 
ly constructed or to bo constructed near Edlabad in the Bombay Presidency. 
I would be interested to hear details from any member who knows about 
this bridge. 

At Bhandara it was found that it was impossible to keep the light 
concrete cylinders truly vertical when they were sunk to depths of 35 feet 
or so and it is only because the Wainganga is a relati\'’ely slow-moving 
stream at Bhandara that the bridge may be regarded as safe. It is impossible 
to drive piles in the manner shown in the design through a sloping cylinder 
35 feet deep — I need not stress the point in the presence of engineers. 

I think the Author of the paper had no personal experience of the' 
construction of these bridges or ho would have recorded his warnings against 
accepting the designs for all cases. 

With regard to the Mandla bi’idge referred to in the paper, it must 
be remembered that only 3 of the 80 spans were damaged but one abutment 
had been washed away and the road was badly damaged in several places. 
The repairs of this relatively small damage cost more than three times the 
original cost of the bridge. 

The flood that damaged this bridge, was the highest recorded in the 
century 1826-1926. It destroyed two railway bridges further down-stream 
of the same river and many persons think that the submersible bridge stood 
up wonderfully well under the abnormal conditions of that time. When* 
the repair work was finally decided on, many Central Provinces engineers 
recorded their opinion that the design adopted was needlessly expensive 
and a good example of panic engineering. 

Any one who has designed bridges has only to look at the drawing 
( Fig. 4 ) in the paper to arrive at his own conclusion. We learn by our 
mistakes, but this job was more than a mistake aud I had never expected 
anyone to refer to it except as a warning of how not to design, unless in a 
panic. 

With regard to some of the flat-slab designs described in the paper, 

I have no personal knoyvledge of the particular bridges mentioned but 
there are members present whom 1 have heard talking of the knocking and 
vibrating of some of their slabs in floods. In similar designs elsewhei'e, 1 
have myself noted similar defects. 

3. The Author has not referred to the very difiBeult problem of the 
design of the abutments and wing-wnlls for Bubmersible bridges, a matter 
over which there was in the past, considerable difference of opinion among 
some engineers. 

The practice now generally followed is to omit wing-walls beyond 
abutments altogether, or practically so, and to construct “land spans”. 
When the river is in flood and the bridge submerged, any obstruction at 
the ends sets up dangerous eddy currents which attack the river banks. 

The designers of the “flat-arch school" of <the early days who laid 
such great stress on avoiding obstruction as far as possible in the river 
itself, seem to have given no thought to the obstruction caused by the 
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abiifcinonts and wiiiff waJIc Jn • 

is that the submcrsiblo bridges^SSuSerl common experience 

lUJt'tod wore more frequently daina«ed af fl * ^ J Pre- cement-concrete 

there are onlj^u-o or tbiLLecSfl ends than elsewhere-in fact, 

bridges damaged eisowlioro than ^tfhe ends” ^ Provinces of such 

make «l,uliiionl piers well away from the baals, as ia tlie lilwMs^at 
bridge (see paper road by Mr. .A. W. H. Dean, Vol. 239 Session 1934 of the 
piocccdings of tho Institution of Civil Engineers, London ). 


•I. With regard to the general conclusions slated in tho last para- 
grnpli of tlio iiaper, it may be observed that it is not often possible to 
choose tho site that is tho most suitable from the engineering point of 
view, ns the site is nearly always fixed, within narrow limits, from 
considerations of trade routes and other factors. 


Too great stress can bo laid on making spans "long enough and 
high enough to pass all floating debris". In actual design, the size of the 
sjians is gonorallj’ fixed from considerations of cost according to Waddell’s 
welLknown rido that the cost of the foundations should, as far as possible, 
equal tho cost ol tho I'arinble portion of the superstructure. 


Tho Jicight of tho bridge is fixed, nearly in all cases, bj’ the physical 
conditions of tho banks as Author himself has so M'eJl described in the 
paper. 

Tlifl temporary collection of debris is not the serious matter imagin- 
ed by persons with limited experience of this type of bridge. There are 
some* hundreds of submersible bridges in the Central Provinces of small 
span (20 to 40 feet) which regularly collect debris during floods but 
which never come to any barm on this account. 


I believe some experiments are being carried out at the Irrigation 
Research Station at Poona on the lifting effect of floods on bridge slabs. 
Some of the superstructures shown for the slab bridges in the paper are 
on the light side and reference has been made to the pounding and vibra- 
tion exijerienced in bridges having similar slabs. 


There is a case on record where concrete slabs, weighing 15 tons 
each were lifted off a bridge under construction during a flood and deposited 
undamaged 70 feet or so down-stream. The lifting force can be lessened by 
suitably “nosing" the up-stream and down-stream faces of slabs (one case 

is referred to in the paper) and a good deal of experimental w oik has been 

done recently in this direction, so that it is. I believe. 

practice to have a particular kind of . nosing on all flat-slab bridges. 


5. The .Author has not touched on many problems which are still 
engaging the minds of designers of submersible bridges. Among these ma} 
be noted the allowance to be made far buoyancy in pieis 


•*••-*“-"■-0 - 

and abutments ; 



33 ( 4 ) 


the provision to bo made for expansion joints (no such joints have been 
provided in several lonjf arched bridges in tho Central Provinces and there 
are no cracks visiblo, while bridges erected with expansion joints in soino 
cases show lieavy cracks in tlie jmvonient) ; the cushioning reejuired over 
arch crowns ; the elimination of silt deposits in tho approaches ; the ncccss- 
itj’’ for sloping the formation at tho ends to avoid rock-cutting in approaches : 
the provision of vortical transition curves, whether in tho bridge itself 
or in tho approach cuttings and many similar matters. Sonio of these 
problems are discussed in Mr. Doan’s paper (I'eforrcd to already) and 
the accompanying correspondonoo. 

The question of cushion in these slab and arch designs is important. 
Some engineers hold that in hot dry ulimatos, tho blows on naked, rigid 
concrete structures from iron-tyrod cart traflic tend to destroy the crystals 
in the concrete itself and may, in certain cases, lead to disintegration as has 
certainly happened after 20 years or so of such traflic over insuflicicntly 
cushioned lime concrete arches in tho hot dry areas of iicrar. 

I do not^quite understand the remarks of tho Author on piers being 
safe, oven if tho resultant force falls outside tho middle third. If tho 
up-stream masonry faces crack, brush-wood and silt are forced into tljo 
joints and a time comes when there is danger of failure duo to sliding as 
occurred in one case of a dam in the Central Provinces many years ago. 
In that case it was held tliat failure was duo to taking tho weight of silt 
laden water as 62.4. pounds per cubic foot instead of 64 to 68 pounds depend- 
ing on the kind of silt in tho river. I note 62.4 pounds is taken in the paper. 

The Author is the engineer of a contracting firm and lie has naturally’ 
had to confine his remarks to bridges built by his own firm. 

He has failed to realise the historic origin of the submersible bridge 
in India which has grown from the causeway' through tho two very notable 
pre-war submersible bridges over the Hairbadda at Mandla and Khalgbat, both 
imilt by' the same Central Provinces Public Works Department Oflicor, 
Mr. H. 13. Learoyd. 

Although I have commented at some lengtia on points of design not 
brought out fully in the paper, I feel I cannot sit down without congratulat- 
ing the Author on dealing so ably with the very' many more numerous and 
equally important points described in his paper. His analysis of stability 
factors is much in advance of anything I have so far seen in print and, 
although I do . nob agree with all bis conclusions, the analysis will 
undoubtedly be of help to those interested in the subject. 

I feel the Author has been hampered through not having been 
associated, during construction, with many of the bridges described by him 
hub nevertheless, he. has produced a paper which is worthy of this Congress 
and which will be of very great benefit to the profession. 

Mr. Mahapatra (Cuttack);— Ther'e is only one point I xvould like to 
say in connection with the shape of piei-s. At page 6 (i), the Author has 
suggested that the best shape of a pier should have a rounded front and 
tapered end. But though the shape of an entrance does not affect the area 



subjected to pressure, it greatly influences the velocity of discharge and 
eieny moaines the pressure due to static head. An opening with pointed 
piers X'esembles it bell-mouth and gives tl>e maximum co-efficient of dis- 
charge with Jibe minimum resistance to flow; for such an opening Thomas 
Box gives 0>9o as the co-efficient of velocity and, as already mentioned by 
the Author, Gibson's formula gives the co-efficient of 0.125 for computing 
pressures due to velocity, formation of eddies and friction. Therefore, I 
would suggest that the front of a pier should be pointed and have the shape 
of a gotliic arch instead of being rounded to give the best result. 


Mr. A, Mageswara Ayyar (Madras); — We are indebted to tbe Author 
for the lucid way in which he has enunciated the main principles governing 
the designs of submersible bridges. Otten-times we see designs of submersi- 
ble bridges being made similar to ordinary high-level bridges, although the 
stresses developed in the former are far more severe tiian in the case ol 
the latter, and the paper under discussion will, we are sure, make oesignero 
careful in designing submersible bridges. 


In the case of submersible bridges of the type described m this papei% 
it seems to me the saving in cost that can be effected by J 

wiU not be worth the risk involved. It is 

tha time of the WgUest acods tot to 

hayricks etc. come, '^hen the ^ . . ; . g ^ obstruct the 

level of the highest flood, it causes the flo. " ® flow of 

rentway and present a very of a tree gets 

water. This is especially the , o|,gj. j-ubbish. In Madras, several 

S serving well for sevaml decades, had given 

way on account of these causes, 

. Ike setter it not to ttvioot "Ij™ 

tl.o bridge is foanded on sand nr m *y, “W;” .ieb, Htnee, I thta k, 

derable scour, and j-cidned as vented causeways so that all float 

pass over the bridge without causing barm. 


t is very doaUKUi n overflows the uiidks, nuu « 

antially. If, on the other banks, as happens m most ^irts 

antial uortion of the watei flows pocjlv be raised aboie tbe Hipb 

f India, at least in South “jj^level bridge is due to tbe land spans, 

1 / .IT own? fTJie'real cost of the lUo* • ,?tep}iar"e tlie water owing 

e road taken at the level of the bank, designed and e.^cuted 

I one case. ' This was re-designad as abox c oe 

fcimated to cos gg qqq/. paly, and the ’®dv and the founda- 
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has been no danger. ■ The design o£ a submersible bridge was also thought 
of at the time, but the reduction in cost bj'- reducing the height of the bridge 
was quite negligible, and hence we didn’t adopt it. 

It is not known if, in the case of the Bhandara Bridge, tlie extra cost of 
•raising the bridge above high flood level but keeping the approach roads 
submersible, had been "worked out. In Madras, a high level bridge with 
long submersible approaches is a common occurence, and has been found to 
-give good results. Where, however, the discharge of a stream is small and 
the water rises high owing to the backing of a main river to which it flows, 
there is no object in raising the bridge above the high flood level, ns, under 
such conditions, there will ha very little flow and the waters w'ill be merely 
stagnant. The decking wMll, however, have to be firmly fixed to the piers to 
prevent uplift but permit expansion under temperature changes. 

In the case of hand rails for these submersible bridges, there is a parti- 
cular difficulty. Most of our bridges are in out-of-the-way places and we are 
not sure when floods will come. It is quite possible the railings may 
remain in place when floods come overnight and ciiuse irreparable damage, 
or an over-careful subordinate may remove the railings in the rainy season 
w’hen for several days the bridge may remain without handrails and be in a 
^ dangerous condition. It seems desirable that when such bridges are 
adopted, the handrails should automatically collapse w’hen floods rise above 
the road, and he in position when the floods go down. A design to' satisfy 
the above conditions has been worked, and is being adopted in a submersible 
bridge in course of construction in Madras. It is not vei’y costly *. the cost 
comes to Ks. 8/- per running foot. 

Eai Sahib Fateh Ohand (Tlnited Provinces); — The Author has done a 
great service to road engineers hy bringing out this paper giving a lot of 
useful calculations and other information on submersible bridges on which 
so little literature is available in engineering text books or in departmental 
circulars of the .Public Works Departments. But to judge the real utility 
of such bridges, it is vary necessary to compare their cost with the bridges 
of full height. 

I would particularly like to know from the Author on w’hat item or 
items he considers economy to be possible in the c.as6 of submersible bridges. 
The first and the foremost consideration is w'hether anj'’ economy is possible 
in foundations. As the Author says, a submersible bridge has to carry 
besides the live and dead load, a vei’y considerable horizontal thrust. 
No economy can, therefore, be effected in foundations. The road surface 
will have to be actually stronger in the case of a submersible bridge than 
in a high-level bridge to allow for the rush of water passing over it. This 
being so, the point is, under what conditions a submersible bridge will be 
more suitable. A little economy in the masonry of the piers and abutments 
or in the earthwork of the approaches does not mean much. If no funds 
are available or if the road is not of sufficient importance for a bridge * of 
the full size, will it not be more economical to construct a raised cause- 
way? I have constructed several such causeways with a few Hunae pipes 
,or with small openings of, say, up to 13 feet span at comparatively small 
cost. I ^ill, therefore, particularly request the Author kindly to indicate 



36 (i) 

tlie directions in which saving can be effected in the case of a submersible 
bridge and also to suggest a solution of the difficult 3 ' and the risk involved 
due to the bridge being without any parapets at all during the floods when 
these are required the most. I tried iron posts with chains which did 
not stand the combined forces of the flow of water and timber and other 
materials brought down the stream. I then tried 6 inches high perforated • 
cement concrete parapets with 4.^ inches wide openings after everj’ 4^ inches. 
This was successful in as much as it provided a check against a traveller 
losing his feet due to the velocity of the current. Jilreotion of two or^ 
four ‘'balli” p(]sts at 30 to 40 feet distances with wire or rope on either side 
of the causewaj’ proved very useful in protecting the traffic against the 
same danger. But this cannot be possible in all cases and the Author 
might perhaps be able to suggest some other devices to meet difficulties of 
the above nature both over submersible bridges and over raised causeway’s. 

Mr. K. G. Mitchell (G-overnment of India): — The chart at Figure 1 of 
the variations in water level at the site of the Bhandara bridge in 1928 and 
in 1929 shows that the bridge was sited at a level at which it could have 
been only overtopped twice in 1928 and once, or possibly twice in 1929. 
These chai’ts are useful in determining the level of u bridge and in order to 
consider, having regard to the traffic, what amount of interruption can be 
allowed if there is a correspondingly' large saving in the cost of the bridge. 
But what I want to ask Mr. Nilsson is whether he considers that these 
charts of observations, taken a year or two before a bridge is constructed, 
reliable, that is to say, if corrected for a maximum known high flood level, 
will they represent the general shape of the curve in the majority of flood 
seasons ? In short, how much value does Mr. Nilsson attach to these 
chai’ts ? 

As Mr. Molvelvie remarked, the design of submersible bridges is a 
progressive science and we expect designs to reflect the experience gained. 
Mr. Nilsson has pointed out in connection with the Bara-Eewa bridge that 
the underside of the spans was made smooth. That bridge was louilt in 
1931, but, on the other hand, the Kalisindh bridge, which was built in 
1934. was provided with a corrugated slab to reduce the dead load. I liavo 
heard it said that, at times of flood just before the Kalisindh bridge i.s 
drowned, very' considerable vibration is set up owing to this type of 
construction and it would bo interesting to know why*, if a smooth soffit 
was considered necessary in 1931, it was abandoned in 1934 ? 

As regards what Afr. Ayyar said about building high-level bridges 
and, for a time, providing lower approaches in order to save initial cost, 
this might be an ultimate economy', but until high-level approaches were 
provided, the cost of the higli-level bridge would not be reflected in any’ 
l>ublic benefit. The fact is, T think, that the conditions in India vary’, and 
in some places submersible bridges are absolutely' necessary, while in others 
conditions are different. One of the earlier submersible bridges that I 
know of is that over the Narbadda on the Bombay- Agra-Delhi road. The 
river there is in a deep well-defined channel, the road level on the bridge 
being well below the banks In dry' seasons, it has the appearance of a 
high-level bridge and it is in fact only closed, I believe, for about 10 to 12 
day's in an average monsoon. But when it is topped, it may’ have as much 
as 20 to 30 feet of water over it and a high-level bridge woqld be very 
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expensi\^e. Ifc is all a matter of the greatest possible service in the improve- 
ment of communications with limited resources. 

As regards collapsible railings, the design of these has been very much 
improved, but there still remains tlie fact that when tbe 3 f are down, the 
Ijridge is, and looks to be, extremely dangerous. Stone bumping posts 
and other devices have been tried, but I do not think that an entirely 
satisfactory arrangement has 3 'et been designed and it would be interesting 
bo know if any one has any definite ideas on the subject. 

There is one point on which Mr. Nilsson ma 3 '^ be able to give us 
further information, and that is, on the design of approaches to submersible 
bridges. Where the approaches ai'e at right angles to the river and are in 
cirtting and the river carries considerable volume of silt, we frequently find 
that, when the flood has subsided, there is a heavy deposit of soft mud 
on the approaches, which renders them impassable until it has been cleared 
awa 3 ' which may take time and involves expense. I have seen, on the 
other hand, approaches to bridges and causeways more or less parallel 
with the stream and inclined in the direction of the flow' which do not 
appear to suiter in this respect. This is natural, but I should be glad if 
Air. Nilsson could throw an 3 * more light on the matter. 

Mr. A. Lakshmiaarayana Hao (Madras) : — I find that in the Paper, in- 
formation is not given about the estimated cost of high-level bridges at the 
same site, so that we ma 3 ’ be able to gather whether the construction of sub- 
mei'sible bridges was economical or not. It is found in some of the given cases, 
the cost is as high as Bs. 600 per running foot. Ordinarily, bridges cost 
Bs. 300/- to Bs. 500/- per running foot. Eor submersible bridges the cost of 
Bs. GOO/- per running foot is nob economical. One of the peculiar features of 
the design is the obstruction to the watevw'ay. If we look at the Bhandara 
Bi'idge, we find one third of the waterw'ay is obstructed. The cross-section 
has not been continued to show that the construction of submersible bridge at 
the site was economical. Taking for example one of the bridges, the Bhandara 
Bridge ; if a bridge had been built with higher roadwa 3 ', the cost would not 
have been veiy much more and the structure would have been nearer a pucca 
bridge. One particular point I wish to make in this connection is that 
when we are designing a submersible bridge, the main principle to be observ- 
ed, should he that it must be (listinctl 3 ' cheaper than a pucca bridge. If a 
submersible bridge at an 3 ' particular site exceeds in cost by more than 40 per 
cent to 60 per cent from that of pucca bridge, then it is not much use going 
in for a submersible bridge. If the Author would give more details about this 
relative cost aspect, it w'ould be very illuminating-' I constructed one 
submersible bridge on a stream in Cudda,pah District whose t 3 ’pical cross- 
section is shown in sketch 1 below. The submersible bridge cost one 
lakh and a pucca bridge in the same Iocalit 3 ' w'as estimated to cost three lakhs. 

Sketch No. 1. 
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I only submit that in the design of submersible bridges, it is the cost 
of the bridge that matters and not any other consideration. 

Another alternative to a submersible bridge design, I submit, vill be, 
the provision of a high road dip in the approaches of the bridge. Supposing 
we have a running stream, inundating on either side for miles and miles ; 
it may be stated that the number of spans to be allowed for a pticca 
bridge would increase the cost terribly'. This is the chief objection raised 
against piicca bridges. 

As against submersible bridges, the length of waterway to be 
provided in such cases is so great that the cost will be tremendously high. 
In the case of this bridge, constructed in this particular place (points out on 
the board), here a small road dip is allowed in the approach. (See sketch 
No. 2 below). This dip would not obstruct traEBc, but would act as a safety 
valve in flood season. I submit it has to be considered whether a 
pjicca bridge Avith a spillway in the approach, at a level which will not stop 
traffic, would not bo more economical than a submersible bridge. If after 
considering all these aspects, it be found that the cost of a submersible 
bridge is 40 to 50 percent of that of a piicca bridge, and if it be found that a 
pncca bridge would not be more economical, we have to go in for a submersi- 
ble bridge. 

As my friend, Mr. Ayyar had put it already, it has been worked out 
in the Madras Presidency, that in many places wliere some engineers had 
designed submersible bridges, piicca (high-level) bridges would not exceed in 
cost by more than 30 percent from that of submersible bridges. The prime 
factor is to decide on the most economical bridge and the designs should 
not be based on any other consideration. 

Sketch No. 2. 



Mr. G. B. Vaswani (Karachi) : — There are two kinds of rivers, some 
are inundation rivers and others are perennial rivers- In the case of per- 
ennial rivers, when any bridge is to be constructed, it is better to hav'e a 
bridge for high water level and specially where heavy type of business trafiSc 
is taken over it. 

In the case of inundation rivers, it is not necessary to provide arches 
for the whole length of the river, because anyway, the bridge is to be flooded, 
whether you provide arches or no arches. 

In Karachi we have got one inundation I'iver which flows with a great 
force daring the time of the flood. Wo found that if we constructed high 
level bridge so that people could cross it at all times, the cost was too much. 
Therefore, we decided to provide a low level causeway with openings and 24 
inches diameter pipes in the sides so as to break the force of the under-' 
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currents nutl also to i>e passable over tbe portions wliero water stood through- 
out the year. Tins mlucctl tlio cost consicernbly. 

In my opinion this is Ibo best way of rediicinij the cost. 

Mr, D. Nilsson (Author); — Mr. McKclvics comnvent'- were the first ones 
ami I (blink Mr. McKelvin for the intcrcpiing reinark.x he has marie. I think 
\Yc all lire iiulohlcd to him for having t.aken (ho tronhio of printing tiieso 
remarks for us. 

1 must (irsl protest against bis stating twice that I have no persrnal 
cs|M.‘riencc of Uus work coneermng which 1 ba\e written. .\1I tlu- bridges, 
cxeept. of courM*, (ho original pait of the Maiuila nriuge, wore rh-'.icnrrl ami 
iniilt- by my firm riming ibt* lime I have berm citliur Chief .ts'-mtanS or 
Chief Kiigiin'er : and th.o bridges menlionnl arc not all tho stibmoiviblc 
brirtgOK in wliie'n I have been intercalerl. Mr. 11. P, Mears was our Chief 
I'jiiginet.'r rlurinj; the eouslrnetion of tlip hririges in the Central Provinces 
wiiich particularly irttoresterl Mr. McKelvie amt tluj^^e hricigc.s. I think, not 
only fornicti tity first experience of Kesnforccrl fN'menJ. Concrete snhmcr.sihii; 
hrirlges, hut that of Mr. McKeIvtc al.se. Ifeumy be inierested to know that 
nil tlie piigiticcrrt who were resident rn tho>e worki, arc &ttil on my staff 

Mr. MfKflvin ihinks lha( the gtaph of flow on tlic Tapfl atid Purim 
rtverf would have hctm I’ctter than the «>mi in the paper, 1 rpiito agree, htit 
iinfortuiiftfely, as ho himself has poinled t ul in his renmiks I am only a 
cnntrncling engittcer utid have to iicp the tunlerinl 1 have available. How- 
ever, f think that (he gr,nph in iho paper illustrates vety well what I 
inlrinded lo sliow i,r., tho very high (Inods anil thi.dr rapid iito and fall 
during the motisoon. 

Here I >liould reply to one of tho points by Mr. Mitchell. He 

.atl.'ed whothrrr gencrnlly nich chart" were nvnilablo for tiver.s when hridge.s 
hud to he liuili. T/nforttmntcly they uiv mtv i^cliiom available and tho 
charts shown in tho t»aper worn uhtained from Jigtires kept hy our own 
englnofciK mi iho job. If ehatln were avaiiuhle, one could see from tlic 
chart whether a finbniuihibh} bridge would he snitaldo or whether it was 
necessary to const rnct a high level bridge. 

I am sorry if I took it for granted in the paper (hat nohody would 
build a fiubmcrsihlo bridge if a liigh level one was cheaper (l.aughtcr). I am 
sorry also if I appear to havo given, as Jlr. MtKelvio says '“a mere descrip- 
tion of actual htruclnrcs which may not ropresonl Intent accepted practice”. 
I thought J had giren examples, eaeh of which illuslr.'vtcd somo detail of 
design. 

Anyw'uy I hope they arc not all as liad ns tho impression given by 
Mr. McKolvio, for I Imvo thri'o mider conslruclion at tlio moment, hut 1 do 
think that having (iritieised so much ho ought tt» liavo given u.s at least ono 
oxaniplo of tho "latoHt accepted practico”, or as lie Raya in para 2 Ion pago 
30, ( i )] of his remarks, at least one ‘‘cxiimplo of tho last woni in design”. 

Mr. klcKclvin Ruyn that Iho flat arches at Wngholl wore n(torward.s 
regarded ns a had inisluko, hut ho doea not say by whom, nor docs ho give 
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a reason oxcepb that they wore based on the mistaken theory that a 
submersible bridge should afford the least possible obstruction to the river. 
Do not let yourselves bo misled by this. The obstruction offered is of great 
importance and it must be carefully considered in the design. Even Mr. 
McKelvie contradicts himself sufficiently further on to admit this by saying 
“the views of more experienced designers prevailed namely that obstruction 
was a factor which should be analysed”. I wish he had named those more 
experienced designers”. You can build a dam to completely obstruct the 
flow, then the horizontal forces are very great and you make a correspond- 
ingly large base. In a submersible bridge the horizontal forces are much 
less and the base on which it stands is also mpch less but the two must 
be designed to suit each other so that the structure is safe. Dealing 
with the effect of this obstruction is the main point of my paper. 

If you look at figure 3. you will see that the Wagholi bridge is 
founded on piles. When designing the bridge, it was not known that 
the ground was so hard that only comparatively small ^ penetration of 
the piles could be obtained. Further, it was also not intended to dig 
down to the depth shown and fill in with weak: concrete round the piles 
which incidentally added much to the cost. If 3 'ou imogine^ the piers 
standing on the pile caps supported on about 35 feet long piles in ordinary 
piling ground, you will I think agree that it was sound practice to reduce 
the obstruction and resulting horizontal forces as much as possible* Tho 
objections to flat arches are of course the heavy abutments retiuired if rock 
is not close to the surface and the extra cost of tho ai'cbes due to the high 
arch shortening and temperature loads which occm*. 

The Bhandara foundations wore criticised but I do not think that at 
the time of building this bridge the good points of tho design were properly 
appreciated, nor apparently are they now. Insistence need not have been 
made on sinking the cylinders down to- rock nor need they be so truly 
vertical as he su,"gests. The cylinders are not intended to carry -a-eight, 
the piles do that, what the cylinders do is to enable tho piles to be braced 
at a very much lower level and formed into a solid group, and the cylinder 
also protects the piles where they are most liable to attrition. Further, 
and most important of all, is that, in spite of what Mr. ^IcKelvio says, it is 
a very sound foundation and at the same time comparatively cheap. 

Beference is made to the Puma Bridge. This was designed to my 
instructions for the Bombay Government and built by Messrs. Hindustan 
Construction Company and I have already given Mr. McKelvie a copy of 
the drawing. The design is very similar to the Bhandara Bridge except 
that here the cylinders are sunk through sand and shingle and the piles 
driven into -what is called “mann” and silt. I believe that some trouble 
■was experienced there also owing to the -wells being sunk unnecessarily deep. 
The cylinders should not be sunk into difficult ground they should sink 
comparatively easily and when the sinking becomes difficult the piling 
should bo driven and the cylinders concreted. The sinking is not meant 
to go into such ground that the cylinder is capable of carrying tho load itself. 

It is stated that the repairs at Mandla Bridge cost more than three 
times the original cost of the bridge. That I do not know, but tho total 
cost of tho repairs including various other odd jobs was Es 2,12,000/- so 
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that the old bridge must have cost less than Ks 70,000/- though it is about 
3,000 feet long, or about Rs. 37/- per lineal foot. Well, I am sure glad I did not 
build the old bridge (Laughter), !^^r. MeKelvio might, 1 tbijik, have pointed 
out that the repairs did not only consist of replacing a part of the bridge 
where the water ivas swift and about 15 feet deoj), but the ropnirs included 
widening of that part of the bridge and replacing all tbo old lime concrete 
spandrel fillings by coincnt concrete and many other items 1 cannot remember. 
.Mso, no more trouble has licen experienced with that bridge. Mr. McKelvie 
is surprised that anybody should refer to this bridge except n.s a warning of 
how not to design and if ho will refer to the paper again ho will see that 
that is exactly what I have done* 

Mention is made of knocking and vibration in the flat slab design. 
Details regarding this would have been of real service and interest and I 
trust that these, if they can be substantiated, will bo communicated to tbo 
Roads Congress* 

Mr, ^IcKelvlo also gave a very interesting sketch and remarks on tbo 
rounding of the edges of slabs. I think his suggestion is very good and I 
hope ho wifi not mind if 7 adopt it on some bridges I am doing just now. 

Mr. McKulvic draws attention to a number of points which J have 
not touched on particularly, but most of these arc points wliich will arise 
whether the bridge is submersible or not and I have tried to confine myself 
to tlioso things whicli occur only because I lio bridge is to bo submersible. 
However, buoyancy does concern subniorsiblo bridges and attention is 
drawn by him to a dam which failed bccanso the silt laden walor was 
taken at 62.1 pouud.s per cubic foot instead of 01 to 08 pounds per cubic foot. 
In the one case, there was 2^ percent and on tbo other case 0 percent 
din’orouco in weight and it seems likely that there were also other conlril)utary 
causes of failure. Genoriilly speaking for a bridge being designed on roa.sou- 
ably safe factors, 02.1 pounds ])cr cubic foot will bo quite safe. 

lie also brings up tbo quo.stion of the abutments and lie particularly 
refers to land spans* This might apply to oithor submcrsililo or high level 
bridges and will depend upaii the site and especially the cross section of 
the river. For example, if the I’iver has steep banks it will bo best to have 
the abutments in the hank, init if the cross section is disb-shaped a land 
span may bo both cheaper and better. 

^Ir. Mclvelvie says loo great stress can bo laid on making spans long 
enough and high enougli to pass all lloating debris and ho points out how 
lucky thoy liavo boon in this connection in the Centr.al I’rovinoos. Nono-tho- 
IcBS, I suggest you make allowance for as largo openings as possiblo allowing, 
of cour.<!o, for tho necessities of tlio site and reasonably economical design. It 
is impossible to lay down hard and fast rules, all tho various points must 
bo kept in mind and the best possible compromise made, without ever 
sacrificing strongtli or stability. 

Mr. I\Iahapnlra has brought out quite a good point. IIo has suggested 
that .an opening with pointed piors rosomhios a iioll-mouth and, therefore, 
gives an increased dischai'go and consequently loss resistance. This is of 
course true for very small spans but w’lioro spans are largo tho effect would 



be negligible. Ib musb also be roinembered tbab a bolUinoubh \Yibb rounded 
sides will give a larger discharge than one with sbraight sides and tlierefore 
it looks as if the pier ^Yith a rounded up-stream cutwater will give the 
best shape. 

Mr- Nageswara Ayyar suggests that tiio ri-«k of submersil)lo bridges 
is not worth the saving. I have tried to point out in my paper that there 
should imt be any risk if the bridge is designed properly. He suggests that 
a low causeway should bo used as there w'ill not bo much saving if a high 
causeway is designed. Several other speakers suggested tho same thing. 
I think Mr. Vaswani suggested that tho causeway should only have a few 
arches in the centre and tho ends should bo solid. I do not think these 
gentlemen have had experience of a real typo of submersihlo bridge- What 
they are after is a bridge whore the ordinary flood level is tho same as the 
maximum high flood level. They mast realise tho difference between 
ordinary flood level and the maximum high flood level in rivers with flood 
cbai'ts such as I liavo shown. Thei'e a bridge is required which comes over 
the ordinary high flood level, but under the maximum high flood level- Tiia 
maximum high flood level overtopping tho bridge only stops traflic for a few 
hours during one or two days in the monsoon. 

Mr. Ayyar has also spoken of hand rails in outlandish sort of places 
where there would bo nobody to collapse them hefoi'e a flood and Bai Sahib 
Fateh Ghand has also referred to this point. In many places only small 
wheel guards are used and no railings. In tho paper I mentioned tho 
bridge over the Narbadda Biver w’bere the railing collapses by itself during 
high flood but has to bo lifted up again after tho flood has subsided. On 
one bridge in the N. W. F. Province, timhor posts are let into holes in the 
deck. These form quite a useful and efficient railing which, during Hoods, 
offers little obstruction and, if broken, can easily be toplnccd. 

Mr- Mitchell points out that in 1931 we built slab bridges >Yith flat 
bottoms and later in 1931 w'e built slab bridges with corrugated bottoms. 
The flat bottom is of course much better but the corrugations in the design 
shown are extremely small and it was thought that their effect w'ould be 
negligible whereas the design is very efficient and economical- ' 

I shall be very glad to hear particulars of the suggested vibration 
which occurs in these slabs and to know whether there is really anything 
in the suggestion that matters, or whether the vibration is jnsf a slight 
shaking which very often is experienced in many bridges during high flood- 

Mr- Lakshminarayana Bao suggests that in some cases high level 
bridges would have been cheaper than submersible bridges but I can assure 
him that that is not the case- It is not mei'ely the cost of raising the 
piers that makes the difference because there is a tremendous difference 
between the whole submersible bridge and high level bridge design. Tlie 
length of a low level bridge may be less than half that of the high level 
bridge and that will obviously give an enormous saving. He thinks that 
the obstruction on the Bhandara Bridge is very great — almost one third, hut 
he should remember that, during floods, practically the whole of the sand in 
the river bed will be scoured out. He further suggests that the high level 
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bridge, wibh spillways at either end. might be bettor and cheaper. Whether 
this would be so, is a matter for investigation. Every bridge must be 
examined from every possible point of view and it is quite impossible to 
standardize on any pai’tioular type. It will always lie a compromise of some 
sort but when you do compromise, keep it on the safe side- 

Jfr. McKelvio in his remarks at the end complains that I 
have failed to realise the historic origin of the submersible bridge, 
but I regret I was not dealing with that aspect at all- Perhaps he 
would be good enough to read a paper himself on that subject for next 
session. If so, I hope ho will not forget the submersible bridges in Africa 
and Australia where I believe a verj* lorge one was built as long ago 
ns 189G. 

Mr. P. V. Chance (Chairman) : — I wish on behalf of the members to 
Ibank Mr. Nilsson for his most interesting paper. Many of the bridges were 
constructed in the Central Provinces and they are standing well and have given 
no trouble. We have been discussing this morning the necessity for report- 
ing failures but those bridges are successes and 1 do not think there can be 
much wrong with the theory on which bhe 3 ' wore designed. 

There are one or two points I may mention. Mr, kfcKelvio has refer- 
red to the research on slab bridges. The slabs of a small bridge woi'e 
washed away and experiments on the uplift on such slabs have not been 
completed bub there is good reason to believe that the cause of the 
damage was duo to green masonry in the piers rather than any exceptional 
liydraulic force. kfr. McKclvio has also referred to the reputed high 
specific gravity of the \Yator in the Central Provinces and its effect on n dam. 
The diim failed ow'ing to the section being insufficient to withstand the normal 
pressure. After the failure, an explanation was given that the water carried 
such largo quantities of silt that the pressure was abnormal* Most of the 
engineers concornod did not accept this explanation. 

If submersible bridges are constructed at or a little below natural 
bank level, the silting of the approaches which sometimes takes place as 
pointed out by Mr. Mitchell would be largely avoided. It is, of course, 
necessary, as Mr. Nilsson has stated, that the formation should not be 
higher than the banks so that approaches in filling may be avoided but the 
ideal position is just below the natural banks. 

In conclusion I have to thank Mr. Nilsson for bis most interesting 
paper and also to thank those members who gave us the benefit of their 
views on it. 


COERESPONDENOE. 

I. Comments made by Mr. Dildar Hosain (Hyderabad-Seccan) on 
Paper No. I. by post 

In the case of Waglioli Bridge, the substratum is shown to be clay 
below the sand, whereas in the case of Andiira Bridge, stiff clay is shown to 
lie below clay and sand mixed with clay. In the former case pile foundation^ 
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tioiis liave been adopted whereas in the case of the latter bridge orditmiy 
foundations have been adopted. 

It would be interesting to know’ how the relative bearing pow’ers of 
the two types of clay were determined before deciding upon the particular 
design and whether the clianccs of a scour taking place in the' case of 
Andura Bridge where the foundations rest entirely in clay have been kept 
in view. 

2. In the case of Bara-Eewa Bridge, the decking consists of beams 
and slabs. I would like to know whether the beams were anchored down 
\Yith the masonry of the piers, and if so, to what deptii, as in such cases the 
impact from floating ti'ces might sometimes ho so great ns to dislocate the 
entire deckway. 

3. The design of Kalisindh Bridge is shown to consist of four or five 
spans designed as continuous beams. Does this mean that each set of 4 or 
5 spans is treated in this manner ? The word ‘or’ does not give the precise 
idea. 


It is said that the slab was corrugated near the centre in order to 
reduce the dead lo.ad. Is it to bo understood that the reinforcement of the 
slab was also bent to conform to the proposed corrugations. If not, it implies 
that the cover at the crown of the corrugations w’as reduced, and again 
increased at the trough, which moans that tiioro is hardly any appreciable 
reduction of the dead load. 

4. The Tapti Bridge is said to he similar in design to the Andura 
bridge and is said to have been overtopped by a flood of 33 feet. This 
represents an application of a dynamic load of nearh’ a ton per square foot of 
the bridge surface. I w'ould like to know whether the design of the arch 
has taken this also into account. 

5 . It is seen from the accompanying table that the dirfcrenco between 
the high flood level and the bridge road level varies for 0.2u feet to nearly 
20 feet in the case of the different bridges. It would bo useful to know why 
in -the cases of low submergence, it was not considered advisable to design 
an insubmersiblo bridge. 

DifTerence (in feet) 


Particulars. 

H.P.L. 

B.E.L. 

Spans. 

between 

H.F.L. & B.E.L, 

Bhandara Bridge ... 

110.00 

104.75 

18 V. 86'-0" 

6 

Wagboli Bridge 

66.25 

53.75 

8 V. 50' 

12 50 

Mandla Bridge 

• •• 

Information not given 

• •• 

Andura Bridge 

788.20 

773.80 

8 V. 66'-3'' 

15 

Bara-Eowa Bridge ... 

100,00 

79.90 

7 Y. 34'-3'' 

20 nearly. 

Kalisindh Bridge ... 

84.90 

84.65 

25 Y. 33'-8" 

0.25 

Monaguni Bridge ... 

44.75 

41.79 

5 Y. 33'-4'' 

? 
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II. Reply by Mr. D. Nilsson to the oomments of Mr. Dildar Hosain, 
on Paper No. I by post. 

Mr. Dildar Hosain asks regarding the Wagholi and Andura Bridge 
foundations, as to why piles were decided upon in the one case and open 
foundations in the other. I cannot remember the exact conditions under 
which these were settled, but I presume that the information regarding the 
r,iver bed was rather scanty as apparently, judging by the small penetra- 
tion obtained by the piles, open foundations would have been just as 
suitable at Wagholi as at Andura Bridge 

The deck of the IBara-Bewa Bridge was not anchored down to the 
masonry piers but had a layer of bituminuous feh between the deck slab 
and the pier cap. If the drawing is examined, it will be found that this 
deck is extremely heavy and amply safe against any impact from floating 
trees. 


I am sorry that the wording in my paper has not been quite clear, 
but as regards the Kalisindh Bridge there are five sets of spans of 4 slabs 
continuous to make up the total of 25 spans 

As regards the arrangement of the steel with the corrugations, this is 
quite simple as the steel is placed in the troughs of the corrugations as if 
they were a series of beams and ample cover is obtained everywhere. 

Mr. Dildar Hosain suggests that because the Tapti Bridge is over- 
topped by 33 feet of water it has to carry a load of nearly a ton per square 
foot. He seems to forget that the water pi-essure is the same in all 
directions and that the water is under the bridge as w'ell iis over the bridge 
and there will be no actual downward load on the bridge on account of the 
depth of water by which it is submerged. 

• 

As regards the difference between the high flood level and the bridge 
road level, this is fixed by the conditions an ibe site and also requiretnentiS of 
the roads. Generally speaking, the road level has been fixed by the 
Public Works Department for us. 




PAPER No. J. 


Rai Bahadur S, N. Bhaduri (Chairman) -.—The next discussion is on 
Paper, J, “ Designs for Keinforced Concrete Bridges of short spans for Indian 
Roads I would call upon the Author of the paper to introduce his Paper. 

The following paper was then taken as read ; — 




tAPBR No, J. 


DESIGN OF REIJJFORCED CONCRETE BRIDGES OP SHORT 
SPANS FOR INDIAN ROADS 

By 

Bum Mouas Lal, I.S.E., 

Executive Engineer, Punjab P. W. D. 


1. Object . — In the present^ ago o( road development, old roads are 
being improved and now ones being constructed in every part of India. All 
tins road programme necessitates the remodelling of old bridges .and con- 
struction of now ones, since bridges form the most important links in the 
chain of highway conmiuniciition. There is however at present no uniform 
practice in their design, and every engineer has to choose and adopt his own 
data and formulic when ho is confronted with the task of building them, 
The Indian Roads Congress has performed a valuable service to Road 
Engineering in India by publishing “Standard Spooilication and Codes of 
Practice for Road Bridges in India”. It Iho&o are adopted by all Provincial 
and State Governments, it will result in uniformity of strength and 
width of bridges throughout the country. Although tho large bridge over the 
big rivers is n rarity, the construction of the short span bridge is of every day 
occurroDco. Tho object of this paper is to f-landnrdiso tho design of bridges of 
spans -upto 4.0 feet based on tho Specification and Codes of Practice referred 
to above to saVo road onginoors tho trouble of having to design thorn ab initio 
every time they have got to construct one. 

2. Types. — As tho reinforced concrete slab is now-a-days tho usual typo 
of construction, tho following types have been considered in this paper : — 

(a) Reinforced concrete slabs for spans upto 20 foot. 

(b) For spans 10 feet to 40 feet : — 

Rolled steel Beams carrying Reinforced Concrete slabs. 

(c) For spans 16 feet to 40 foot : — 

Reinforced oonoroto T-Boams and slabs. 

3. Width of Jioad7oay. — Tho practice in tho Punjab Public Works 
Department, Buildings and Roads Branch, is to provide a width equal to total 
formation width of the road concerned between whoolguards for bridges upto 
and including 8 feet span, and a width of 20 feet beyond 8 foot span. In tho 
Standard Specification too, a width of ton foot has boon adopted per lane of 
traffic vido jiara A 3 on page 3. Therefore, for bridges of more than 8 foot 
span, a widtli of 20 foot capable of cari’ying two lanos of traffic is sufficient 
for all roads in tho country outside Municipal limits. Tho formation width 
of, roads in tho Punjab is usually 32 feet, and this width is good enough for 
throe lanes of traffic. 
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4. Live load . — Designs in this paper have been made for The Indiah 
Beads Congress Standard loading vide para B 3 on page 7, as most of the 
bridges generally required lie outside Municipal limits and Industrial areas. 


5. Ivipact factor , — The follo'wing formula is recommended in the 
Standard Specification vide para B 4 

65 

^ i T fa+i T' i^®'3amum value t>f 0,50. 

46 H 

Where n=' the number of traflSo lanes and L is the loaded length of span 
giving the maximum stress in the member under consideration. 


ITor a span of 8 feet and 3 lanes of traffic (32 feet roadway) this works out to 

65 , 66 


TV ■ _ 1 y 

-.6Q±lj 


45 




66 


45+16 


=0,53. 


Therefore for all spans upfco 8 feet, a maximum value of .50 should be used. 
For’ a span of 15 feet and 2 lanes of traffic the impact factor will be 




65 


45+16X^^ 


4—X 

45+15 X7a 

-.48. 

Therefore for spans upto 16 feet too, an impact factor of 0.60 is good enough. 

Table I gives the permissible impact factor upto 600 feet span. Figure 
JSfo. 1 shows the same result in the form of a curve. In the following 
designs the figures arrived at above have been used for impact factor. 

6. Design of Bcinfoiccd concrete slabs . — Chapter D of the Standard 
Specification and Codes of Practice for Eoad Bridges in India deals with 
Eeinforced Concrete bridges and its recommendations are based on the Indian 
Bail way Standard Code of Practice for Eeinforced Concrete Construction" and 
the Code of Piactjce for the use of Eeinforced Concrete in Building published 
by the (Imperial) Department of Scientific and Industrial Eesearch, London. 
In these specifications, the stresses recommended for even the ordinary grade 
concrete are higher than those generally in use in this country at present. 
Table I on page 89 of the Standard Specifications shows these for 1 : 2 : 4 mix 
to be 760 pounds per square inch for concrete in bending, 75 pounds for shear, 
and 100 pounds for bond, The Modular Eatio has also been adopted as 18 
instead of the usual 16. Stress for steel in tension has been recommended 
as 18,000 pounds per square inch (page 92 Table IV) instead of the usual 
16000 pounds. 

As the quality of cement and standard of work obtainable in this country 
has sufficiently improved recently, there appeal’s to be no ejection to adopting 
these for concrete road bridges 'in India and therefore designs have been 
worked out adopting the above stresses in this paper. 

Table II of this paper gives the properties of reinforced concrete slabs of 
total thickness ranging from seven inches to fifteen inches as explained below 
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; ■ • Oolamu' 1 gives total thickneas of slab. • It 'will be shown' bereaftev that 
it is not economical to use slabs of less than 7 inches’ total depth for X’oajl, 
bridges, and therefore calculations have been made for total depths com- 
mencing from 7 inches and rising by half an inch to 10 inches. 

Column 2 gives effective depth of each slab. 

A cover of one inch and a half from the centre of main reinforcement 
has been assumed giving free cover of just more than an inch. 

Column 3 gives the moment of resistaxice of one foot width of each slab. 
This has been calculated from the formula 

Ebd® 

where B == pfsj 

. p = ratio of steel to concrete 
.fa == tensile unit stress in steel 
j = ratio of lever arm of resisting couple to depth' 

According to standard practice. 



k ~ '^2pn+(pn)— p u 

J = l-ik 
where n « modular ratio 

fo = stress in concrete in bending 
k «= ratio of depth of neutral axis to depth d 
using the stresses adopted and above formulae 
p. = ,0089 
i *= 887 
E = 137., '■ 

, Column 4 gives the area of steel per foot width of slab assuming 
p « .0089 

Column 6 gives the’number of bars with spacing requii'ed for the area 
of steel in column 4. . ' 

Column 6 gives the actual area of. steel used per foot width. . 

Column 7 gives the number of bars and spacing required as distribution 
steel as required by para D 22 (o) of the Standard Specifications. This 
distributing steel has been calculated from the tables given on page 43 of 
the Explanatory Handbook on the Code of Practice for the use of Berfn- 
foroed .Concrete in. Buildings, published by, the (Imperial) Department of 
■ §oi©ntific and Industrial' Researoh, by Messrs. S 9 ott and Glanville. , ■ 
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Column 8 gives the weight of one foot width of slab assuming a weight 
of 144 pounds per cubic foot of reinforced cement concrete. 


7. Smply supported slabs . — Table III gives the designs of simply 
supported slabs for various spans from 6 feet to 15 feet. 

Take for example a span of 10 feet ; assume total thickness of slab 10^ 
inches with effective depth 9 inches. Effective span is 10.75 feet vide para D. 
22 (a) of the Indian Hoads Congress Standard Specification. Dead load 
bending moment assuming a wearing coat of 3 inches thick plain cement 
concrete at 140 pounds per cubic foot is as below : — 


Weight of one foot width of lOi inches slab ... , ... 126 pounds 

Weight of three inch thick ooruent concrete wearing coat... 35 pounds 


Bonding moment due to dead load 


Total ... 161 pounds. 

161 X 10.75 V; 10,75 X 12 
8 


= 28200 inch pounds. 


Live Load . — The Indian Beads Congress Standard loading has been 
specified as follows in para B 3 on page 7 of the Standard Specification; — 

1 

0.34 ton per linear foot of each traffic lane plus a knife edge load of 6 
tons for computing bending moments or of 9 tons for computing shears 
with the limitation that for computing bonding moments the total distri- 
buted load on loaded lengths of 20 feet and under shall never be loss than 
6.8 tons per lane of traffic over the whole loaded length. 

Impact factor for 10 feet span vide Table I of this paper is 54; a 
maximum of 50 per cent is however to be used. 

f 

Therefore bending moment per foot width of slab for live load is as below: - 


Due to distributed load= 


.68 X 2240 X 10,75 X 12 
8 


Due to knife edge load 


24500 inch pounds.' 

.6 X 2240 X 10.75X12 
4 


= 43400 inch pounds 
Total = 67900 inch pounds, 
adding 50 per cent for impact. 

Total bending moment for live load = 101800 inch pounds. 

Adding dead load bending moment, the total bending moment' amouniSs 
o 130,000 inch pounds. _ • • ' 

Beferring to Table II, it will be seen that a slab of total tbicl^iss 
10^ inches is safe for a total bending moment of 133000 inch pounds'. 



10.76 X ^ X 144 =1366 pounds’ 
10.75 X 140 = 877 pounds 


’ Now lesfc this slab for shear and bond stresses. 

Shear. 

This will be maximum at the supports. 

Due to Dead load 
Slab 

Wearing coat 

Total =1733 pounds 

■ 1733 * 

■ Ecaotion on one support duo to above 667 pounds 

Due to Live load distributed 

Boaction on one support 

■ .34 Xjp.75 X224P y jj. ^ .g,, 

10 X 2 

Knife edge load for computing shears is to be taken as 9 tons vide page 7 
of the Standard Specification. Distributed on a width of 10 feet, this is 
equal to .9 ton or 2016 pounds on one foot width. 

Adding 60 per cent impact this is equal to 3024 pounds. ‘ : 

Adding up, total shear amounts to 4606 pounds 

Now V = rXuidfi equation (l) on page 108 of Standard Specification 
bja 


i=.867 


V = 


4606 ^ 

12 X. 867X9 


48.6 


against an allowable stress of 75 pounds vide Table I page 89 of 
the Standard Specification. 


Bond Stress, 


Y 

Bond stresB. u= 


jdSo 


Where 12 o~Sum of perimeters of the bai's in the tensile roipforcement. 
[vide equation (3) on page 111 of the Indian Roads Congress Standard 
Specification and Codes of Practice.] 

vr _ VXb • 

■« vX 


siiaolne of bare 

Where o=Pei’i meter of one bar 
Hence u=v X — 


perimeter of one bar 
^ 48.6X5.6 
2.366 


= 113 , 



According lo para D. 25 (a) on page 110 of the Indian Eoads Oongms 
Standard Specification and Codes of Prncfcico, ii slioidd not exceed twice the 
appropriate permissible bond stress which is JOO pounds vide page 89 of that 
book. As 113 pounds is less than twice 100 pounds, the slab is safe for 
bond stress too. 

It will be seen from Table III that n slab of 7 inches thickness is 
subjected to a bond stress of 192 pounds. As a greater part of the shear 
is due to knife edge load which will bo 9 tons for a span of oven one foot, 
it is clear that to keep the bond stress witliin permissible limits, any 
thickness less -than 7 inches will not bo safe for shear and bond stresses. 

A “detail of the slab for ton feet span has been shown in Figure 3. 

8. Slabs for continuous spans . — It is frequently necessary to build 
bridges of multiple spans using continuous slabs. Table IV gives bending 
moments for live loads for intermediate spans and end spans. For purposes 
of easy calculations, bonding moment for intermediate spans has been taken 

.as fljid that for end-spans as 

Take for example 10 feet span. 

EfToctive span too is 10 feet. 

Intermediate span. 

Bending moment for disti'ibutcd lire load excluding ‘50 per cent impact 

, . 6.8 X 2240 „ 10 X 12 , , _ . 

per foot width = j-Q X — — — > inch -pounds 

= 15230 inch pounds 

Bending moment for knife edge load per foot width 

_ GX2240X10X 12 
10X6 

= 26880 inch-pounds. 

Total=421l0 inch-pounds 

Adding 50 per cent impact this amounts to 63165 iilch pounds. 

A reference to Table II will show that a slab of 8 inches thickness has 
a moment of resistance of 69500 inch-pounds. 

Assume a slab of 8 inches thickness. 

.r. (96+35)Xl0Xl0Xl2 . , 

Bending moment for dead loaa=-^ ' — — — inch-pounds 

• = 13 100 inch -pounds 

Total bending moment = 76265 inch pounds 

Therefore a slab of thickness 8^ inches wjth a resistance moment of 
80600 inch pounds wiU spit, 



Ehd Span. 

For an end span tbe total bending moment viriU be 76265 X-f =93518 
inch pounds. , . - 

A slab of thickness 9 inches with a resistance, moment of 92500 inch 
pounds will therefore suit. 

Average live load per square foot has also 8een derived in this table 
from tbe total combined bending moments. These results have also been 
shown in a graphical form in Figure 2. ‘ ' 

9. Beinforced concrete slab supported on Boiled Steel Beams , — It will bo 
seen from Tables II, III and IV, that bridges upto 16 feet span simply sup- 
ported and 20 feet continuous spans can be economically constructed using 
reinforced concrete slabs. For bigger spans it becomes necessary to use 
beams either of steel or reinforced concrete carrying timber, steel or reinforced 
concrete flooring. It is however now usual, as well as economical, to use 
reinforced concrete for tbe flooring. A combination of rolled steel beams 
and concrete slab therefore is a handy and convenient method in most cases. 
Designs have therefore been worked out in Table Y for rolled steel beams for 
spans from 10 feet to 40 feet. Take for example a clear span of 25 feet 
between supports. For a clear roadway width of 20 feet the arrangement 
of beams shown in Figure 4 will be economical. 

Design of slab. 

For a continuous span of 6 feet 6 inches the total live load bending 
moment will bo midway between those for 6 and 6 feet in Table IV i,e , 34746 
inch-pounds. A slab of 7 inches thickness will be safe for this. Similarly 
the_. cantilever projection of 2 feet 6 inches will have the same maximum 
bending moment as a 5 feet slab viz. 31582 inch-pounds. A 7 inches thick- 
ness is therefore safe for the cantilever portion also. 

Design for Boiled Steel Beams. 

Clear span ...25 feet 

Assume beam ...20 inches by 6^ inches at 65 pounds per running foot. 

Effective span... 27 feet. 

Dead load bending moment. 

Weight of slab per square foot- ... 84 pounds 

Weight of wearing coat per square foot ... 35 pounds 


Total ... 119 pounds per square foot. 
Weight-of beam ®= 65 pounds por running foot 

Total weight carried 

by one beam = 27 x 119 x 6^ = 17600 pounds 

Weight of beam = 65 X 27 = 1750 pounds 


Total 


19350 pounds. 


^ , , , , , 19350 X 27 X 12 

Dead load bending moment= -g 


=776000 inch pounds =346 inch tons. 
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Live load bending momenf; for one beam. 

^Bending: moment due to dietributed load for Sf feet width 


■34X5.5X27X27X12 
10X8 


=202 inch tons. 


l^lfe edge loia^ bending moment 


, _ 6X5.5X27X12 
... ~ £- .• 

Total live load bending moment 


=268 inch tons. 
=470 inch tons. 


Add 40 per- cent.for impact vide Table I. 

470+188 = 658 inch tons 
say 660 inch tons. 

Adding dead load bending moment, the total bending moment amounts 
to 1005 inch tons. 

. Section modulus for a rolled steel beam safe to carry this bending 
moment assuming 8 tons per square inch as permissible stress for steel 

will be -^^ = 125.6. 
o 


Beam 20 inches by 6i inches at 65 pounds per running foot has a 
section modulus of 122.6 and will therefore be safe. 

Table V gives the designs for rolled steel beams for spans 10 feet to 
40 feet calculated as above. 


10. Bemforoed concrete T-Beam Bridges with slab. 

Take clear span 30 feet. 

Assume spacing of T-Beams as 5 feet 6 inches centres slab 7 inches 
thick and wearing coat 3 inches thick as in case and Boiled Steel Beam 
bridges. 

Assume stem of beam 28 inches by 14 inches. 

Weight per foot run ; — 

Slab and wearing coat 119X5.6= 655 pounds. 

Beam 28 inches by 14 inches = 392 pounds. 

Total =1047 pounds. 

Say 1060 pounds. 

. Take effective span 32 feet. 

Bending moment due to dead Ioad= ^ . 0^0^32X32X12 

8 

= 1,610,000 inch pounds 

Live load. 

Distributed load .34 ton per foot run on 10 feet width 
Impact 36 per-cent. 

V, , ;_.34X 2240X5.5X1.36X32X32X12 

Bending moment = 10X8 

=875000 inch pounds. 



a® 


■ ilnife edgo load 6 tons afc centre 


. .. . 6X2240X5.6X1.36X32X12 

bending moment = 10X4 

=960,000 inch pounds. 

Total bending moment =3445000 inch pounds. 

Now economical depth of a T-Beam 


1 = ^ 


U b‘^2 


"Where r= ratio of cost of steel to cost of concrete per unit volume 
' in place 

t = depth of slab 

b* = tliicknoss of stem or web of T* Beam 
and d= depth of T-Boam 

Cost of steel = Rupees 16 per hundredweight 

_16X484_„ , 

— TTo — Bs. 69 per cubic foot 


Coat of concrete “Rupee one per cubic foot 
Therefore r=69 sai' 70 

Therefore d= 

^ 18000X14 ^2 

-j^^+3.5 


= 31+3.5 = 34.6 

make stem 28 inches so that the total depth =35 inches 
Assume cover =3?- inches 
EflfoctiVe depth =31} inches 

Breadth of flange of T-Beam, b=5 feet 6 inches = 66 inches because 
(i) this does not exceed one third of the effective span of the T-beam viz. 
32/3 feet (ii) the breadth of the stem plus 12 times the thickness of the 
slab i.e. 14+12X7 = 98 inches. 


Tensile steel, As 


M 

jd fs 


3446000 

18000 X.9X 31.25 


“6.66 square inches. 


"Dse 3 bars 1} inches diameter at bottom =3.661 square inches, 

Use 3 bars 1^ inches diameter at top =2.982 square inches 


Total =6.663 square inches. 

Prom graphs on page 57 of “Reinforced Concrete Bridge Design’ by 
Chettoe and Adams 


k= 26 
j = .92 
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Test for shear. The amount of total shear at points 0, 6, 10 and 16 feet 
away from support, f.e., 1, 6, 11, 16 feet from the centre of the bearing of the 
beam has been worked out below, considering the beam fully loaded with 
live load between each point and the far support, as this gives the maximum 
shear. 


Distance from centre of bearing x= 

1 

6 

11 

l6 

Dead load shear 1060 (16—®) = 




0 

Live load uniformly distributed at .34 ton 

^ (Lr-®) 

per foot i'un for one traflSc lane 670 X 

=8.9 (32-®) = 

8550 


I 

3560 

1 


Knife edge load of 9 tons for one traffic lane 
Lr-ffi 9X2240X5.6X1.36., L-a 

WX ■“ 10 32 

=471 (L-®)*= 


12200 



Total shear 

38900 

28700 

18810 

9500 

V- ^ 

14X,92X32 

96 

65 

45 

26 


Use i inch diameter two legged stirrups for taking the above shear 
spacing of stirrups = 


s, 


2 X. 196 X 18000 X. 92X32 
38900 


=5.5 inches 


2 X .196 X 18000 X .92 X 32 
28700 


*=7.3 inches 


2 X. 196 X 18000 X. 92X32 
18810 


= 10 inches 


q - 2 X .196 X 18000 X .92 X 32 
9600 


= 19 inches. 


For the sake of convenience use stirrups 6 inches apart upto 7^ feet from 
support, 9 inches apart upto 12 feet and 12 inches apart beyond it upto the 
centre. 


Table 71 gives sizes of T-Beams and reinforcement for 20, 25, 30, 35 
and 40 feet spans. Beams for other spans between these figures can bo easily 
interpolated. Figure 5 shows a cross section and longitudinal Section for a 
30 feet span T-Beam. 







11. Gosts . — Costs of superstructure of various spans have been vrorbed 
•'out in Table VII for simple slabs, Boiled Steel Beams and T-Beams 
•^lssuming the' following rates for average conditions : — 

Boiled Steel Beams placed in position Es. 16/- a hundredweight. 

Eeinforced Cement Concrete in slabs including reinforcement and form- 
work Bs. 2/- a cubic foot. 

Beinforced cement concrete in T-Beams (Stem only) including rein- 
forcement and formwork Bs. 3/8/- a cubic foot. 

Erom this table it will be apparent that T-Beams are in every case 
cheaper than Boiled Steel Beams. Upto 15 feet span, it is most convenient 
to use simple slabs, though a T-Beam bridge for 15 feet span is a little bit 
cheaper than a simple slab. Where however it is difficult to construct 
T-Beams due to ver^’ high cost of stone and coarse sand, and difficulty of 
formwork and adequate supervision. Boiled Steel Beams offer a convenient 
method of construction. 

- 12. ' Substmctwes . — Only the design of superstructures has been dealt 
with so far. Substructures however form as important a part of bridges as 
superstructures, but it is not feasible to standardise their designs due to great 
variations in nature of subsoil, materials of construction, and heights above 
bed level The term ‘substructures* is taken to include abutments, piers, 
wingwalls and their foundations which may be either simply shallow or 
consist of wells of masonry or concrete, or steel or concrete piles. Design of 
such structures is dealt with in detail in various standard boolcs on Bridges. I 
have confined myself in this paper to masonry abutments, wingwalls and 
piers with open foundations in average soil conditions, because short span 
bridges are generally built under such simple conditions. 

Jlasonry abutments and wingwalls ni’e designed on the well-knowm 
Bankine Theory of Betaining walls. The “Indian Eailway Standard Code of 
Practice for the Design of Bridge Piers and Abutments” adopted in 1936, 
I'ecommends the following data to be assumed for the design of these 
structures. 

“Para III b (2) 

Earth pressure on abutments, and return and wing walls : — The hori- 
zontal pressure due to the weight of the eai’th and surcharge of the train load 
acting on the hack of an abutment shall be calculated as follow's 

Let ff ~ angle of repose of the fill 

h = vertical height of wall in feet. 
h'= height of surcharge in feet 

= 5 feet for abutments and return walls jn box type of abut- 
ments. In the case of splayed wing w'alls the only 
surcharge to be taken is that due to the earth slope. 

P= horizontal earth pressure on a vertical section per lineal foot 
of wall. 

w = weight of filling per cubic'foot, 
y= height of “P" above the base, 

I •. 



Then P=^ 'wh(h+2h0 

h^+Shh^ 

^ 3(h+2b') 


i — sin ^ 
l+sin ^ 


^ Abutments and wng walls shall be designed by taking the angle of repose 

° ^ degrees provided that a note shall be added to the 

plans to the effect that dry stone or brickbats backing with a puddle base and 
efficient drainage shall be provided. In banks of black cotton soil a section of 
bank of good material should bo put in between the packing and the black 
cotton soil. In other cases where the intention is to use sand or other similar 
material for the back fill wliioh is not likely to get consolidated, the angle 
of repose adopted shall be that appropriate for such material. 


Para III b (8) "Wind and water pressure. — Water pressure shall be 
considered in the design of the masonry of piers which are liable to be 
immersed for at least 20 feet above normal bed level. Wind pressure shall 
bo taken into account for bridges of spans of 60 feet and over. 


Para V. ^ Working Stresses. — The maximum permissible compressive 
stress on unreinforccd masonry shall not exceed one eighth of the crushing 
strength of the material employed. The tensile stress in masonry may be 
permitted upto one-fortieth of the ultimate crushing strength of the material. 
Sound brickwork in lime which has hardened may in the absence of tests 
be assumed to have a crushing strength of not less than 40 tons per square 
foot. Brickwork in cement mortar may in the absence of tests be assumed 
to have a crushing strength of not less than 64 tons per square foot. 


Para VII, foundation Pressure. — for standard designs the maximum 
intensity of pressure on the soil shall not exceed 2 tons per square foot for 
shallow foundations in good soils of a depth of not less than 4 feet. In deltaic 
areas such as Bengal the pressure shall not exceed 1 ton per square foot, for 
greater depths, foundation pressures may be increased by 1 hundredweight per 
square foot per foot of depth. In important cases and in cases of doubt 
suitable teslgof the bearing capacity of soil shall be made and the size of 
foundation footings or slabs modified accordingly. 

Para VIII. Combined maximum stresses on foundation Pressures. — 
The sum of the stresses caused by dead load, live load and longitudinal 
forces (i o., earth pressure and braking effort or tractive force) shall not exceed 
the limits speoified in sections vandvii. The sum of the above stresses 
together with wind and water pressure and where necessary Seismic forces 
shall not exceed the above permissible stress by more than 25 per cent. 

Para IX. Wing Walls.— Abutments designed with splay wing walls 
shall have a vertical division from top to bottom near the junction of the 
wing walls to the abutments so as to permit of unequal settlement due to the 
greater intensity of pressure on the abutment foundation." 

The above assumptions adopted for Bridges on Indian Rnilwayfappear to be 
quite suitable and reasonable for adoption for bridges on Indian Beads, h' or 
the height of surcharge in feet however requires to be decided for Indian Stan- 
dard Loading. The distributed load is .34 ton per foot run for ten feet width, 

and is therefore equivalent to pounds or 76 pounds per square foot. 

Assuming the knife edge load of 6 tons spread ever the length of the loaded 



ack-fiU say on an average about lO' feet, this will reQuco to pounds 

or 135 pounds. Adding the two, the total is 211 pounds, assuming 25 percent 
impact this adds up to 264 pounds and is equivalent to about 2 5 feet 
height of earth. Considering that the height of surcharge for railway train 
loads which are much heavier than the heaviest road load is only assumed 
as five feet, two feet six inches appears quite a reasonable assumption. Designs 
of abutments and piers for Indian conditions have boon dealt with^^in detail 
in Volume III of the Military Engineer Services Hand Book, and "Notes on 
the Design of Culverts and Bridges” by Mr. M. G. Banorjeo, assuming very 
nearly the data recommended above, and standard types for these have been 
recommended in plates XVII and XVIII on pages 186 and 187 (1925 Edition) 
of the former and on page 118 of the latter. These types show abutments 
with vortical as well as battered fronts. The author prefers tho construction 
of abutments w’ith a vertical front instead of a battered front, ns the latter 
requires stepped construction which looks unsightly on the front face open 
to view. A type design for an abutment based on the above assumptions is 
showTi in 3?igure 6 of this pai)er. The widths of abutment at top have been 
proposed in multiples of 4^ inches — tho width of a brick. To show that the 
type design proposed is safe, a detailed design for an abutment of a T-Beam 
bridge 30 feet span with a height of 20 feot above bod level upto bottom of 
beams has been worked out below”. — 

13. Calculations for abutment (See Figure 1). The abutment will bo 
of brick masonry in cement mortar (1 cement 6 sand) above bed level, 
and (1 cement 3 sand) below bod level. Weight of masonry is taken at 
125 pounds per cubic foot. Weight of earth back fill is taken at 100 pounds 
per cubic foot, (vida page 6, Indian Roads Congress Standard Bridge 
Speoification). 

Depth of T-Beam with slab =35 inches. 

Depth of wearing coat = 3 inches . 

Total =38 inches. 

or 3 foot 2 inches. 

' Therefore, total height above bed level to road surface is 23 feot 2 inches. 
Make depth below bed level 6 feot. Therefore total height above bad of foun- 
dation is 29 feet 2 inches. Depth below bed level being 6 feet is about Veth 
of total height H. Make too projection 3 feot, and width at base of foun- 
dation 12 feet from face of abutment, making total width of base of foundation 
15 feot. • . 

Assume surcharge load = 2.5 foot of earth filling. 

Loads on the dbniment. 

(ft) Dead load due to ono beam por ifoot run. 

Wearing -coat = X'^-j-X140= 193 pounds 

Slab — ■£irX-y-X144= 462 pounds 

.Stem ofiBoam=^m^X144= 392 pounds 

Total =1047 pounds, 

Total length of Beam =34 feet, 
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Thei'ofore load on ono abutment duo to one beam on a 
width of 5^ feet = 1047 X 17 pounds- 17799 pounds 


Therefore load per foot width 


17799 

5k 


{b) Live load distributed per foot width 


.84 X 34 X 2240 
2X10 


= 1296 pounds 


3240 pounds 


add impact 3G per ccnt= 470 pound s 
Total = 

Knife edge load including impact 
^ 9X1. 3GX2240 ^ 

10 



Say, 7800 pounds =Wx 

Weight of back fill 

' i X 8 § x])J.OO = 1 2600 pounds = Wj 

Weight duo to sui’charga. 

S§ X # X 100 =2150 pounds = w* 
Weight of masonry and concrete 

(а) Triangular portion 

J X 8 S X la X 126 = 16750 pounds = W 4 

(б) Rectangular portion 

3&X^’X 125 = 12300 pounds =Ws 


17G6 pounds 


2740 pounds 
Total =7745 pounds 


Total vortical weight is therefore =50600 pounds per foot length of the 
abutment =1’. 


The hori;sontnl distances from the vertical face of the abutment of each 
of the above vertical forces are as below, ignoring the toe projection 

Wi = 7800 pounds at 1 foot 

Wa = 12600 pounds at 3f + 85 X = 9i!t feet 

W# = 2150 pounds at 3f + 85 X ^ = 7"/io feet 

W 4 = 15750 pounds at 35- + 85 X 5 = 6J feet 

Ws = 12300 pounds at 85 X 5 = I'Vw feet 


The moment of P about the face of the abutment = the sum of the 
moments of its components. 

Therefore, the distance of P from the vertical face 

_ 7800 X 1 + 12600 X 95 + 2150 X 7“Ac+ 15750 X 65 + 12300 X 

50600 - • 

- = §.2 feet. 



By iRankine’s formula 

The horizontal earth pressure for a surcharged wall 
P=iXwh(b+2h')i^ 

where w = weight of one eubic foot of earth = 100 pounds. 

= I X 100 X 29i X (29j + 2 X 2^) ^ Sin 'tl ^ " 

= 8300 pounds 

Its point o! application will bo at a height from base according to 
Bankino's formula 

_ h" + _ (29^1" 3 X 29^0 X % 

3(h + 2h^) 3(29J + 6) 

= lO.d foot 


The resultant of the two forces will pass through a point in the base 
^ *•<!•« 1-7 foot from lino of action of the vortical force F towards 

50600 

the vertical face of the abutment, which is 5.2 — 1,7, i.e , 3.6 foot from the 
vertical face or 6,5 foot from the too. This point is within the middle third 
of the base and its eccentricity from the centre is only 1 foot (7.6 — 6.5). 
The above result is also shown graphically in figure 7 whore 

mn*= F = 50600 pounds and nq = 3? = 8300 pounds 


R **61300 pounds and intersects the beso 1 foot beyond tho centre t.c., 
within tho middle third and thus satisfies tho condition of 
stability against ovoi'*turning. 


Tho stability of tho abutment should also bo investigated wdth no 
live load on the bridge and no surcharge on the fill over the back of tho w’all 
but with the assumption that the train of vehicles has just reached the point 
just where tho fill over the wall ends; in < this case tho weights are as 
below ; — 


"Wi = 32d0 pounds at 1 foot 
“Wa = 12600 pounds at 9^ feet 
Wa - Nil 

Vfi = 16760 pounds ht 6i feet 
Ws = 12300 pounds at l'7i« feet 
Total F = 43890 pounds acting at 

3240 X 1 +12600 X + 15750 X + 12300 Xl»Aa 

43890 ; 

5.5 feet 


Horizontal earth pressure and its lino of action remain the same. 
Tho resultant B in this case will pass through — ^ ' 390 ^ 


away from the line of action of the vortical forces or 1 foot from the centre 
of the base which is the same point through which the previous result- 
ant B intersects the base. The abutment is therefore safe under this 
condition too. ' > 


Prossuro on (oundation, (Vido Military Works Hand Book 'Volumo III 
nnge 23). 

Tho average pressure on the foundation 
P _ 50600 _ 


Pa = 


B + T 


15 


3870 pounds per square foot. 


Po = The difference in prossuro at tho too and heel duo to eccentricity 
c of the resultant E 

6XPXo_6 X 50600 X 1 

Po - (jfqjl-Tp 15 X 16 • 

Maximum prossuro at loo =3370 + 1350 =1720 pounds per square foot. 


Permissible pressure is 2 tons and 2 hundredweights ».c., 4701 pounds 
because tho foundation is 6 feet below bod level. Therefore this is just safe. 

Maximum prossuro at heel = 3370 — 1350 
= 2020 pounds per square foot, (sate) 

. Stability against sliding. 

For masonry on earth tho co-clficiont of friction is .40. 

Therefore tlio frictional resistance of tlio wall against Sliding 

= 50600 X .1 = 20240 pounds 

Sliding force = 8300 pounds 
20240 

Factor of safety = = 2.44 

which is quite sufllcient. 

As tho resultant lies within tho middle third of tho base, and the maxi- 
mum prossuro on tho foundation and tho resistance to sliding are satisfactory 
the design is suitable. 

The design should however also bo tcs'tcd for its stability along bed 
level A, (vido Figure 8). 


Horizontal Earth prossuro P=^ X 100 X 23 « X 
= 5474 pounds. 

23^ X 23i + 3 X 23?. .Xj 


This acts at a point- 


3 (23 -+ 6) 


(23'i -f 5) X .17 
8.3 feet above 

t 

• the bed level. 
- 1 1 


The vertical forces are as 'below : — 

Wi = 7800 pounds at 1 foot. 

Wa = back fill = ^ X 7 X 23? X 100 =8050 pounds, acting at 
• 3j + 7x5 *.c. at Stprfoot. • . r . • • 

Ws = weight due to surcharge 

= 7 X # X iOO = 1760 pounds acting at 62 feet. 

"Wi — weight of masonry triangular portion ... . , 

= ^ X 7 X 23i X 125 = 10060 pounds acting at 
3f 4* 7 X i i.c. at 5H feo**- 



Ws =• weight of reotangalav portion of masonry 

= 3k X 23ff X 125 =■ 9850 pounds acting at IJ-J feet. 


Therefore the distance of the total vertical force ]? from the vertical face 
_ 7800 X 1 + 8060X8jjV + X750 X 6-S + 10000 X + 9850 X IH 

37510 , 


= 4.3 feet. 


The resultant U of P and F will ] ss through ^ f-ej-, « i o 

feet away fi:om the line of action of tho vertical forces i.e., 4.3 — 1.2 =3.1 feet 
from the vertical face. .As the width of base is lOi feet at bed level, and 
the resultant intersects it at very nearly, its one third and well within its 
middle half, this is safe against overturning. 


Pressure at bed level. 


Average pressure. 

~ ~ pounds 


eccentricity =• 2 

= §2131510^2 =4240 pounds. 
10.3 X 10.3 ' 

Therefore maximum pressure at toe "s 
= 3.5 tons which is safe. 


34^6 42-^6 78S4 ‘ 

35fi0 + 4060 = 7630 pounds 


The design of the abutment is therefore safe considered from every point 
. of view. Tho type design recommended will therefore siiit for all spans and 
depths. 


For piers and wing walls, the typical designs shown on pages 186 and 187 
of Militai-y Engineer Services Hand Book Sixth Edition 1925, Volume ITT 
(Hoads), referred to earlier, are ver*y suitable, and should be adopted. 
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TABLE I. 

Tahh shotrhiff htipncf far/nr ftir .sjunts upln WO ffrt for !} lanea of traffic 
viih iHiin ft. 


•Span 

Impact fnalor 
per cent. 

Span 

Impact factor 
per cent. 

1 

o 

08 

30 

30 

4 : 

• 

04 

32 

35 

r. 

00 

34 

34 

8 

57 

30 

33 

10 

54 

38 i 

32 

12 

1 

52 

40 

31 

14 

50 

50 

27 

10 

•17 

75 

21 

18 

45 

100 

17 

20 

43 

150 

12 

22 

42 

200 

9.4 

24 

40 

300 

0.6 

20 

39 

400 

5 

28 

37 

500 

4.1 


Note — I^rnximiim jieruussible iinpnct (nctov is 50 per cent, 




TABLE II. 

Ecsisianoe foments of Beinforccd Conocic Slabs. 


Stress iu concrete tc 

Stress in steel L 

Go'Oilicient E 

Percentage of steel p 

Moment of Hesistanco 


750 pounds per square inch. 
■18000 
137 
.0089 

Ebd® whore 



elloctive deptlj 

d 

— total depth, t minus li inches 



))rondth 

b 

= twelve inches 





Area of steel 

As 

— ])bd 




U a gT 

ffj £5 

^ u c 
a b.E 

to 

' ?•£ » 
<L> 

® 

a a 2 « 

S '* B S 

t 

' E £ • 

1 -u c*x 

1 <A S) 

1 "S c-g 

e>— S 

vC 5 ” 

Main Steel 
, Bhi-s proposed. 

1 

1 

1 ' 

r. 

IJistnbiitioii 

.•StLL'l 

Burs proposed. 

A 

•*- SS-C 

C S c 

[5 5 

'c 

■^.sg 

T. tM 

1 

2 

l|_ _ 

1 

1 5 

. _ 

' 7__ 

8 

7 

ol 

•19100 

0.59 

j i in. diameter 

i 0.60 

; il in. diameter 

SI 





' at 6 in. centres 

1 

i 

jat 10"in. centres 


n 

0 

59200 

i 0.6-1 

1 in. diameter 

i 0 67 1 

il iu. diameter 


1 



1 at 5l in. centres ; 

1 

at 9i in. centres 

[ 

8 

01 

j fiOuOO ' 

1 0.7 

1 i Jn. diainotor 

0.74 

M in. diameter 

96 


1 

1 ' 


■ at 5 in. centres 


at 9 in. oentros 


81 

7 ! 

80600 . 

0.75- 

i in, diameter 

0 71 

^ in. diameter 

' 102 


1 

1 

1 


, at 5 in. centres 


at 9 in. centres 


9 

71 

92500 

0.8 

> *H in. diamolor 

0.82 

n in. diameter 

108 





at-li iu. centres 


at 8 in. centres 


91 

• 8 

105300 

0 86 i 

a in. diamoter 

0.92 

j K in. diiimoter 

111 





at 1 in. centres 


I at 7 in. contres 


10 

81 

JISOOO 

0.91 

il in. diameter 

0 92 

; II in. diamoter 

120 




1 

at -1 in. centres 


at 7 in. centres 


10-i 

, 9 

133000 ; 

0.96 

"i‘ in. diameter 

' 0.96 

1 in. diiunotor 

126 



1 


at o-l in. centres 

1 

at 12 in. centres 


11 

91 

M8000 ! 

l.OJ . 

^ in, diamotoi’ | 

1.06 

•1 in. diameter 

132 





at 0 in. centres 

1 

at 11 in, cuntre.s 


111 

10 

. 16-JlOO 1 

1.07 

? in. diameter 

1 J.OG 

u in. diameter 

138 


101 

i 1 

1 

at 5 in. centres j 

: 1 

1 1 

at 1 1 in. centres 


12 

I 181000 i 

1.12 

‘1 in. diameter 

i.l8 

i in. diameter 

111 

m 


1 


at -ll in. centres 


at 10 in. cenli'QS 


31 

199000 i 

1.17 

in. diameter 

J.IS 

•i in. diameter 






at li iu. centres 

! 

at 10 iu. centres 


13 

111 

216000 i 

1.22 

if in. diameter 

! I..32 

i' in. diiimoter 

J56 





at d in. eeiitroa 

1 

1 

at 8l- in. centres 


]3li 

12 

237000 

J.3S 

“ in. dinmotov j 

J.32 

in, diiimoter 

162 





at 1 in. centres ; 


at 8{' in. eonlros 


11 

121 

256000 

1.33 j 

^ in diamoter | 

! 1.32 

a in. diameter 

16S 

Ml 




at -i in. centres 


at 8a’ in. centres 


13 

278000 

1 39 

A in. diameter 

1 11 

a' in. diiimulor 

171 


I3l- 


1 

at .5 in. centres 


at 8 in. centres 


Jo 

298000 

l.-M 1 

1 H in. diamoter 

: I.IJ 

a in. diameter 





1 

1 

at 5 in. centres 


ut 8 iu. centres j 










Design of snnplif Hujiportcd slabs for spanx 4 feet to 1 8 feel for Inilinn floods Congress Standard fjoading and vearing 
coat of three inches thick cement concrete. 
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TABLE lY. 


Bending moments for live load for continuous and semi-continuous slabs 
spans S feet to W feet for one foot width for Indian Standard loading. 


Span, 

‘‘Bonding 
moment for 
continuous 
span_^ 

in inch 
pounds -with- 
out impact, 

Impact 
factor 
per cent. 

Total 
Bending 
moment 
including 
impact in 
inch pound. 

Bending 
moment for 
end B 2 )ans 
in inch pound 
incUtdiug 
impact. 

Average live 
load per 
square foot 
including 
impact. 

5 

21055 

50 

31582 

37899 

1260 

6 

25266 

50 

37899 

45478 


7 

29477 

50 

44215 


905 

8 

83688 

50 

50532 


790 

9 

37899 

50 

56848 

68218 


10 

42110 

50 

63166 

75798 

630 

11 

46321 

60 

69481 

83377 

670 ' 

12 

50582 

50 

76798 

90957 

525 

13 

' 54743 

60 

82114 

98538 

485 

14 

58954 

50 

88431 


450 

16 

63165 

60 

94747 

113697 

420 

16 

67376 

47 

99033 

118839 

386 

17 

•71787 

47 

105628 

126633 

364 

18 

75998 

45 

110197 

132236 

340 

19 

80209 

46 

116303 

139564 

320 

20 

84420 

43 

120721 

144865 

300 


'''Beudiue moment due to distributed load 
^ 6.8X2240 ^ LX 12 _ .t-nor 


Bending moment due to Knife edge load 


6 X 2240XLXI'2 
10X6 


= 2688L 


Total = 4211L 
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TABLE VII. 

ComYKimiin costs of Fiupcrstniciurc of brUltjes of spans from 10 fret to 40 feet. 


Cost of Beam Bridges in Bupees, 
Supersfcriicturo (Slab and Beams only). 


Span 

in 

feet. 

simply 
supported 
•slab in' 
rupees. 

Cost of 
slab. 

Cost of 
four 
B.S. 
Beams. 

1 

1 

Cost of j 
four T- 
Beams. 

Total 

I Cost of 
B.S. Beam 
Bridge. 

Total cost 
of T-Beam 
Bridge. 



Es. 

Bs. 

Bs. 

Bs. 

Bs. 

10 

450 

300 i 

1 

i 200 


500 

1 


15 j 

820 


400 

.320 

820 

740 

i 

20 1 

... 


650 

510 

1200 

lOiO 

25 

« • « 

700 

975 

810 

1675 

1510 

i 

30 ! 

1 

1 


1600 

12.50 

24.30 

2080 

35 

! 

950 

2200 

16.50 

3 150 ' 

1 

2600 

40 

1 

1100 

3000 

2300 

4100 

3400 
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DISODSSIONS ON PAPBE No. .7. 


Mr. Brijmohan Lai (Punjab) : — One of the objects of the Indian Hoads 
Congress as laid down in its Memorandum of Association is to pi'omote 
the use of standard specifications and bo propose specifications. With this 
in view, tiiree very valuable papers Nos. 26, 27 and 28 were presented at the 
second meeting of this Congress held at IBangalore in January 1938, deal- 
ing exhaustively with the standard loading and design of highw^ay liridges 
in India with special reference to the design of cement concrete bridges. As 
a result of-discussion of these papers at the session it was resolved that the 
Council be instructed to take ail necessary action to enable them to re- 
commend standard loading, allowance for impact, essential specifications, 
permissible stresses etc. to be adopted by the Congress for bridge designing. 
Eventually the Congress published ‘ Standard Specification and Codes of 
practice for Eoad Bridges in India’ in 3937. I am not aware as bo how far 
the various Provincial and State Governments have yet accepted these 
standard loadings and specifications, but it is expected that sooner or later 
the Indian Boads Congress standards will be adopted everywhere in India. In 
the paper that I now have the pleasure to introduce before you an attempt 
has been made to go a step further and propose standard designs of Bein- 
forced Concrete Bridges of short spans upto 40 feet based on these Standard 
Specifications and thus to put the latter to practical application. The 
design of reinforced conoi*ete structures is a long process requiring a lot of 
time, and while it is possible to individually design bridges of long span 
which are built only occasionally, it appears necessary to have type designs 
for bridges of short spans which are frequently required to be constructed, 
and for which it is nob possible to find time for designing individually. 
Type designs have, therefore, been worked out in this paper for bridges up- 
to 40 feet span. This paper is only in the form of spade work and has been 
written merely to invite the attention of the members of this Congress to 
the problem. I shall, therefore, be very grateful for 3 ’oui’ valuable oritioisms 
and suggestions for improvements on the designs, and the various graphs 
and tables in the paper. It is intended to revise the designs in the light of 
today's discussion on the paper, and it is hoped that the Congress will then 
consider it fit to be published in the form of type designs for general refer* 
enoe. There are, however, certain points in the paper which I w'ould like 
to bring to your special notice. 


In accordance with para D 22. (c) of the specifications, the distribution 
reinforcement in slabs has been kept as 20 percent of the main tensile 
reinforcement. It is, however, brought to notice that the Ministry of 
Transport has suggested the distribution steel to be 40 percent of main 
reinforcement for 4 feet span rising to 60 percent for 10 feet span 
limiting to .5 square inch per foot. The distribution reinforcement proposed 
in the paper uf tie Table II is as low as .32 square inches per foot. The 
opinion of the members of the Congress will be appreciated on this point. 


In table IV in calculating bending moment for continuous spans. I 

have assumed it as for intermediate spans and - for end spans for 

the sake of simplicity. , In case of long bridges with a number of continuous 
spans, it would certainly be worthwhile to compute bending tnoment^ and 
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shears from the theorem of Three Moments, as discussed by Hool in Vol. II 
of his Eeinforced Concrete Construction. 

In the latter part of the paper, an attempt has been made to standard- 
ise the design of abutment, piers and wing walls. Standardization in this 
respect is very difficult owing to the large number of varying factors in- 
volved. tSpecial attention is invited in this connection to para VIII on 
page 12 (i), in which the foundation pressure has been assumed ns 2 tons per 
square foot. This appears to be on the higher side and deserves consider- 
ation at this meeting. 


In the end I must thank Mr- Jagdish Prasad, the Secretary of the 
Congress for the pains thnt he took in correcting the proof of the paper 
abounding with mathematical figures and formulae. 


With these few words, I have great pleasure in introducing my paper 
to 3 'ou for discussion. 

Eai Bahadur S. W. Bhaduri (Chairman) : — The Paper is now open 
to discussion. . 

Mr. Jagdish Prasad (Government of India) : — We should be very thank- 
ful to Mr. Brijmohan Lai for the pains he has taken in showing the actual 
application of the Indian Boads Congress loading to the design of short 
span bridges. There are certain features of design which, however, call for 
comment. 

In paragraph 2 on page 6 (j), the Author says that slabs less than 7 
inches thick are not safe for shear and bond stresses. This is incorrect. If 
instead of using f-inch bars at 6 inches centres, ^-inch bars are used at 
closer spacing, the strength in bond would bo appreciably increased. Por 
a clear span of 3 feet, a 6-inch slab will be found quite suitable. Its parti- 
culars will be ; — 


Depth bo centre of steel. 
Overall depth 
Beinforcement (main) 

Beinfovcement (distribution) 


4.6 inches 
6 inches 

^-incb diameter bars, 4 
inches centres. 

4-inch diameter bars, 5 
inches centres. 


On page 7 (]), under "Design of Slab”, the Author sa^'s, “Similarly the 
cantilever projection of 2 feet 6 inches w’ill have the same maximum bend- 
ing moment as a 5 feet slab, namely 31,682 inch-pounds”. The calculations 
which follow will show that the Author’s assumption is wrong. The 
maximum bending moment comes to 73,812 inch-pounds i.e., more than 
double of what the Author has assumed- The thickness of the slab at the 
cantilever support should be 8 inches and the area of steel 0.693 square 
inch per foot width. In order to avoid practical difQculties in increasing the 
thickness of the slab at the end supports, it is advisable to increase the 
spacing of B. S. Joists- It will be found that a spacing of 5 feet 10 inches 
will' be suitable- Then, a slab 7 inches thick can be provided throughout-' 
The cantilevers will be 1 foot 9 inches instead of 2 feet 6 inches long, 



}) 


allowing the bltickness of wlicel kerbs as 6 inches which is ample. A more 
satisfactory method of fixing the railing posts to kerbs is shown below. 


DETAt OF KERB. 



The Author has taken the safe woi'king stress for steel joists as 8 tons 
per S(^uare inch, hut it should be 7^ tons per square inoh, vide page 28 Indiaq 
Boads Congress Codes bf Praotiee, 
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The Author has not given a full cross section of a T-beani bridge. 
While the spacing of T-beams at 5 feet 6 inches centre to centre may be 
satisfactory for spans upto 30 feet, it is not economical for spans beyond 
32 feet- In large spans, it is more economical to use 3 ribs instead of 4 for 
a 20-feet roadway bridge- 


On page 30 (j), figure 6, the bottom of foundation is shown as feet 

below bed level. This is likely to create misunderstanding because the depth 
of foundations depends on the depth at which soil suitable for foundations is 
met. The words ‘‘Bed Level" should be, therefore, deleted from the diagram. 

' H" 

In all cases where foundations have to be taken down to a depth of— feet or 

more, the abutments should bo designed in accordance with figure 6, irres- 
pective of the ^sition of bed level. If it is not necessary to take the founda- 
tions down to —feet below bed level, for example, in the case of a stream 
5 

having a rocky bed, the toe projection may have to be reduced or dispensed 
with- 


in the light of the above remarks I think, the word ‘Make’ in line 12 of 
para 13 (page 13, j) may be substituted by the word ‘ Assume". 

There are so many pitfalls in the design of bridges that it is very 
necessary to have type designs which the younger engineers, on whom falls 
the brunt of carrying out designs, may be able to refer to, and it is here that 
the Beads Congress can assist- 


E. S. Bkams with R. 0. Slabs. 

Deaitjn of cantilever slab. 

Effective span 2^ feet for dead load and 1|- feet for live load. 
(7) Bending moment due to distributed live load 


_WL__0.68X1|X2240 


2 2 

{a) Bending moment due to concentrated live 
load at the end of cantilever 
=WL=0.6XlfX2240 


= 1332 foot pounds. 


(?■»■) Bending moment due to dead load of 
B. G. slab 

= ^=(2^Xt\X144)|^ 

(nO Bending moment due to dead load of 
wearing coat 
WTj 

= -^=(lfXx|Xl40)XlfX^ 

(v) Bending moment due to dead load of 
parapet 

= WL^ (t§ X M X 144) X 2i 


= 2350 foot pounds. 


= 262 foot pounds. 


= 54 foot pounds. 


287 foot poupds, - 
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ivi) Bending moment dne to railing weighing, 
say,' 10 pounds pec vanning foot 

= WL=I0X2-Jr = 2 5 foot pounds. 

4310 foot pounds. 

Impact allowance 50 per cent on 

live load, Bending moment = 1 841 foo t pounds. 

Total Bonding moment =6151 foot pounds. 

= 73812 inch pounds. 

Depth of slab to centre of steel 

d = .0246/73812 
= C-5 inches. 

Over-all depth of slab = 6.5+ 1.5 

= 8 inches. 

.4rea of steel I'equired As = pXbxd 

= .0089X6.5X12 
= 0.693 square inch. , 

Rai Sahib L, Fatehcliand (United Provinces); — I congratulate the Au- 
thor on the very great labour ho has put in in bringing out this paper. I am 
only hero to gat information from the Author on certain points. Those 
arc : — 

What height and what typo of railing does the Author consider best 
suited to the bridges of this type? 

What reinforcement does he consider to bo necessary for reinforced 
brick railiug and whether he would connect the reinforcement 
of the railing to that of the bridge at certain points? 

What will bo the weight of this railing? 

What allowance has the Author made for Lliis extra weight of the 
railings in his calculations for the reinforcement of the canti- 
lever? 

On page 7 (j), the Author says “tho cantilever projection of 2 feet 
6 inches will have the same maximum bending moment as a 5 feet slab". 
I think in designing tho cantilever wo sball also have to take into account 
the weight of the railing to bo built on the cantilever, ospecially if this bail- 
pens to be a masonry railing. 

What thickness and what kind of weaving coat does the Author sug- 
gest to bo given for bridges over hutcJia aud pticca roads respectively? Does 
ho oousider a cushion to bo at all necessary between the slab and the wear- 
ing coat? What typo of w+oel guai-ds does he recommend, i.e., of E. S.. 
iToists, or of L or T-iron or of E. C., and to what depth will he take this 
below tho road surface? Would ho like to fillup the web of the E- S. beams 
carrying the roadway, with cement concrete, and if so, what percentage eco- 
nomy roughly will be made thereby in designing an B. S. Joist of compa- 
ratively smaller section than what would have been necessary in case tho 
S. Joist had not been so treated with cement concrete ? 
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Does he consider any arraugement; for the expansion and contraction 
of B* S. beams and of the slabs to be necessary, and if so, over ^rhat spans? 

What does the Author suggest to prevent bump at the junction of 
the pucca roadway of the bridge with the road on bank? Does he consider 
pitching to be necessary to prevent scour on the down-stream side in all 
cases ? 

•Up to what depth of abutment foundations does he consider curtain 
walls to bo necessary ? What depth will he give to the masonry foundations 
of curtain and wing-walls on the down-stream side in cases where there is 
an excessive fall in levels, within a few hundred feet and when it is not 
possible to fix up the limit of the correct level due to continued slope for 
miles together ? 

These are some of the points on which I would seek the advice of the 
Author as much as he can find it possible to give in his reply. For the pre- 
paration of cement and sand mortar for work above bed level, I think a pro- 
portion of 1 to 5 to bo more suited than 1 to 6 to make an allowance for 
the different kinds of streams, due to workmen, cuttings and the sliding of 
girders over it and, not unoften, the flooding of the river daring the course 
of construction. 

Mr. M. Mahapatra (Cuttack) : — Figure 3 at page 27 (]) suggests the 
bonding up of alternate main tensile reinforcements and provision of 
additional top reinforcements to take up the negative bending moment at 
supports. By this the strength of main tensile reinforcements is reduced 
to half and the bond stress is affected considerably. In an ordinary 
bridge, the B. C. Slabs are not built into masonry. Earth filling, soling 
and metalling form the loads on the ends- These slabs can not be 
considered as fixed. Farther, when the filling and soling etc. are removed 
from the ends, the slab acts as a freely supported one. In such cases 
it seems desirable to continue tbe main tensile reinforcements upto the 
end, and to provide additional top reinforcements extending to a distance 
of 1/5 of tbe span from tbe supports. These top reinforcements should be 
designed to be sutiicient to withstand a negative bending moment equal to 
half of the maximum positive bending moment at the centre of- the span. 

Covering concrete for slabs has been kept as.l^ .inches. A-s -the 
covering concrete does not give additional ■ strength to - ■ reinforced 
structures, the minimum cover necessary, in my opinion, should nob be 
more than one inch when the aggregates used are h inch to f inch size. 

With regard to Pago 12 (c) para IX of the paper, Wing- Walls, it will 
be observed that for computing earth pressure against wing-walls, the super-- 
imposed knife-edge load of 6 tons has been assumed as distributed over an 
area of 10 feet X 10 feet or 100 square feet, irrespective of the height of 
the wall. It is not clear how the load can affect such an area-. The 
pressure exerted by backfill against a retaining wall is due to the sliding 
of a triangular prism of earth and is proportional to the height of tbe wall. 
As the filling beyond a point at a distance equal to the height of the wall 
produces no effect, the super-imposed load placed across the length of the 
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wall within a distance equal to the height should be taken into 
consideration. Taking the angle of dispersion as 45 degrees and the 
height of the wall as H feet, the knifs'edge load will spread over a width 

Q JJ 

of — feet along the length of the wall on the plane passing through 
3 

the centre of gravity of the triangular prism. This gives an additional inten- 
. t”® X H . 2016 

sity of pressure an tons, or j|^ ‘pounds per square foot and an equi- 


valent height of surcharge of 


2016 

wH 


feet when w is the weight of a cubic foot 


of back-hll. This shows that the equivalent height of surcharge due to the 
knife-edge load varies as the height of the wingwall and is inversely propor- 
tional to it> 1 would request the Author for further discussion of the point. 


Sketch. 


Knife-edge load. 
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Mr. A. Nageswara Ayyar (Madras) : — I should liko only bo touch on 
one point In the case of small slab bridges, the concentrated live load 
bears a very large proportion to the total load. The common assumption 
made in desiging these slabs is that this concentrated load is distributed 
over a certain width on each side of the load. When the load comes to the 
end the slab is only on ana side and the ai'oa of distribution will be virtualls' 
one-half of what it will be if the load is in the centre. Hence the thickness 
of the slab at the end will be considerably more than at the centre. This 
can be provided for either by increasing the r'einforcement or what is bettor, 
to design the wheel-guard as an inverted beam to give the required 
stiffness at the end. This factor is very important and is often ignored in 
the design of slab culverts. 

Mr.K. K. Nambiar (Mangalore) : — The Author has stated in his paper 
that to keep the bond-stress within safe limits, the minimum thickness of 
the E. 0- Dock should bo seven inches. This has already been remarked to 
be incorrect as by using larger number of rods of smaller diameter the bond- 
stress could be kept within safe limits. However, to resist the local effect 
of concentrated loads, it is genemlly considered safe not to reduce the thick- 
ness of the deck to less than seven inches- 

Eeferring to page 9 (j) of the Paper, the Author has W'orked out the 
area of tensile steel required as 

M 

As = jdlT ” square inches. 

Using 3 bars IJ inches diameter at bottom == 3.681 square inches 
and 3 bars 1^- inches diameter at top = 2.982 square inches 

making a total of 6-663 square inches 

But as thei’e are two layers of rods employed, the value of fa will be 
the average unit stress in the tension steel, d being the effective depth of 
the group of rods used. Therefore, the stress in the lower row of bars 
should be separately investigated to see that it does not exceed 18,000 
pounds per square inch. 

When one hind wheel of a steam roller is just brushing against the 
curb in the cantilever portion of the deck and the other wheel is in the ad- 
jacent bay there will be heavy negative bending moment over the end beam, 
which has got to be separately calculated and additional top reinforcements 
provided. 

Mr. A. K. Eatta (Calcutta) : — 1 would like to make a little suggestion 
about the figure on page 28 (j). Here the joist has been shown as plain 
joist over which a reinforced cement concrete slab has been placed. What 
we usually observe is that when a steam roller or a vehicle goes over a 
bridge like this, there is always some vibration caused in the joist, which 
often causes cracks in the slab. So the better practice Avill be, in such 
cases, to combine the joist with the slab. In that case there will be less 
jarring on the slab- Also, the section of the joist can be reduced. AVheri 
the slab and the joist will be hound together with a few stirrups, there 
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Avill be combined nction. As sucb, fehe section can he reduced, (see 
figure A). In some cases a little additional reinforcement At will also 
make up for this deficient area, (see figure B). In our standai'd designs, 
too, it will be a better thing to show the slab and the joist as a combined 
one. In that ease there will be less jarring. On account of this reinforced 
concrete slab, the strength of the joist on the top also will be very 
considerably increased. Personally I have made a lot of actual experiments 
on that lino to see how much extra strength we can hare by combining a 
slab with the joist. For example, I tried an 8-inch x 4-incli joist on 
22 feet span wdth a 6-inch reinforced brick slab combined in this way ; 
that stood quite a decent amount of load. I do not remember exactly but 
it can be seen in my book on Experimental Eesearches on Eeinforced 
Brickwork (page 7). In such cases I tried to find out from the Tata 
people if they could roll steel beams with bigger seotions of steel at the 
bottom flange and smaller sections at the top flange, (see figure G) 
with the idea, that such beams can be used for different kinds of reinforce- 
ment for bridges, etc., in combination with the slab. Of conrse, they did 
not agree. The next thing was, whether we could have similar beams with 
smaller seotions at the top and bigger at the bottom with a few strands 
wmrking as stirrups, (see figure D), thereby reducing the amount of steel 
practically to half. Of course, we could not get that too. There will be 
great economy in' steel beams if steel manufacturers in India taka up 
these ideas and manufacture steel beams on these lines. 


In any case, in the present case, as in figure on page 28 (j), it 
would be better to combine the joist with the slab and include a part of 
the joist in the slab, so that there will Be better combined action. 


I , 1 




y 

Jl ' 



Pig, 0. 




Pig. D. 


•Failed with a load of 14.3 tons, whereas ordinary 8-inch X 4-inch beam 
pan stand a load of 6.22 tons a stress at elastic limit. 
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Mr. H. Hughes (Burma) : — ^With reference to diagram 4, page 28 (j), 
I would like to enquire liow the Author arranged the false work for the canti- 
levered part of the structure. For the type of bridges on which rolled steel 
beams and a concrete slab are used, it is very easy to fix the false work 
between the rolled steel beams as it can be supported on their bottom flanges. 
For the cantilevered portion this arrangement is not possible but if tbe height 
from the bed of the stream to the road is not great, it may be possible to 
arrange supports. 

The case to which I refer may be when either due to the height 
from the stream bed to road being considerable, or due bo other causes, it 
may not be convenient to fix supports in the stream bed for the cantilever- 
ed section. 

Mr. Brij Mohan Lai (Punjab):— I am very thankful for the valuable 
criticism and suggestions on my paper. 


First of all I shall take up the comments of Mr. Jagdlsh Frasad. 1 
agree with his remarks that for a span of 3 feet, a slab of a thickness of 
lass than 7 inches can be made safe for bond-stresses by choosing smaller 
bars at closer spacing* Ha has also remarked that the maximum bending 
moment for the 24 feet cantilever in case of bridges with Holled Ste^l Beams 
will be as much as 73,812 inch pounds instead of 31,582. I have also now 
calculated it in detail and find that it will be about 25,000 inch pounds for 
which a thickness of 7 inches is sufficient. 

As the width of the E.S. Beams is 6 inches or more, except for spans of 
less than 14 feet, the span for dead load should be taken as 2 feet 3 inches 
instead of 2^ feet. The span for distributed live load will be 1^ feet. Eegard- 
ing knife-edge load, I am of opinion that only half of the standard loading 
should bo taken in the case of 2^ feet c vntilever, because only the weight 
of half of a vehicle can possibly come on this portion. The knife-edge load 
represents the excess in a standard train of the heavy axle^ over the other 
axles. As only half the weight of the heavy axle can possibly b®ar on the 
cantilevered potion, it is quite reasonable to assume the knife-edge load as 
3 tons only. Moreover its points of application should bo assumed about 
9 inches from the edge of the beam. Similarly the total distributed live 
load should bo taken as only 3.4 tons instead of 6.8 tons, as only half the 
weight of the vehicles can possibly come on the cantilevered potion. The 
detailed bending moment will then be as below : — 


(i) 

Bending moment due to distributed live load 


_'WL_0.34 X H X 2240 _ 

571 foot-pounds. 


2 2 

(ii) 

Beading moment due to concentrated live 
load at end of cantilever 



='WL==0.3XfX2240 = 

504 foot pounds. 

(iii) 

Bending moment due to dead load 
of B. C. slab 



=^=(2iXxVxi44) ^ = 

212 foot pound;. 
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(iv) 

(v) 

(vi) 


Bending moment due to dead load of wearing coat 


=WI?=l^.XTV><l40XliX^ — 

2 

Bending moment due to dead load of curb 
= WL=t§' X 14 ^ ^ “ 

Bending moment due to railing 
WL=10 X 2i- = 

Total bonding moment 


40 foot pounds. 

253 foot pounds. 

22 foot pounds. 
1G02 foot pounds. 


Impact allowance of 50 per cant on 
live load bending monaent .538 foot pounds. 

Total bending moment: 2140 foot pounds. 


The spacing of beams as proposed by mo is, therefore, suitable. 
Mr. Jagdish Prasad has also given a sketch of firing the railing post to kerb 
for which I, thank him. I however, prefer a 9 inches wide kerb ns it gives a 
more solid look, and can also servo as a side-tvalk at times. 


Regarding the safe working stress for steel joists at 8 tons, it was 
assumed so in accordance with table IV page 92 of Indian Roads Congress 
Specification which allows 18,000 pounds equivalent to 8 tons. I have, 
however, no objection to assuming it as 7.5 tons in accordance with tlio table 
on page 28, which I agree is the more appropriate stress* This change 
would, however, make very little differences in the selected siaes of rolled steel 
beams. 


Mr. Jagdish Prasad has also suggested that, for siians beyond 30 feet, 
it is not economical for T-Beams to be spaced 5 feet G inches apart. Ho 
has suggested three ribs instead of four. This point may bo considered 
when revising type designs ; though I am not sure that it will make the 
design more economical. 

Mr. Jagdish Prasad has also made certain remarks regarding the bed 
level shown in figure 6 on page 30 (j)* The depth of foundations depends on 
a number of factors, namely depth of scour, kind of soil etc.. Tlie figure 
H/5 will only hold for ordinary soil. As the design is only for average 
conditions, I do not think that the changes suggested by him are necessary. 
Alterations can always be made in the type design to suit aUy particular 
requirements. 

2. A written communication* has been received from Mr. Murari 
Lai, Punjab, suggesting that slabs should also have been designed for one 
two or three feet spans. Ho has also given detailed calculations for a two 
feet span slab. He has also stated that slab for those spans can bo about 
6 inches thick. When -the type designs are revised, calculations will also be 
made for those smaller spans. Mr. Murari Lai is, however, not right in his 
calculations in making an allowance for the dispersion of the knife- 
edge load through the thickness of wearing coat and the slab. The 

» 'These comments appear on pages 46 (j) to 62 (j) 
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main idea ot fiKing a knife-o.iga load is that it sliould he treated as 
a conoentrated load, and should not be considered to be distributed bj' 
dispersion. . 

3* Mr. Mahapatra has objected to the tensile reinforcement being 
halved at the ends of a simpls' supported slab. But as the bending 
moment for a simply supported beam is maximum at the centre and 
reda.ce3 to zero at the supports, it is self-evident that the same tensile 
reinforcement is not required at the ends as at the centre. Therefore, it 
should be reduced to lialf from a point where only half its quantity will 
do. This point is at .lo of the span from the end. It is necessary 
to bend the remaining half to take up diagonal tension at the ends. 
Some more reinforcement is also given to provide for negative bending 
moments which ma 3 '’ he produced due to the slab acting as a pai'tially 
fixed beam. 

4. Mr. Mahapatrn ha^ also objected to a cover of inches of con- 
crete below the reinforcement and has considered it excessive. In paragraph 
D 16. of Indian Boads Congress Specifications, a cover of 1 inch has been re- 
commended for main reinforcing bars from the outside of the bars. The re- 
inforcement bars are not less than fi/8 inch diameter in any case; the mini- 
mum cover should be 15/16 inch, which is only 3/16 inch less than 1^ 
inches. Bor the sake of simplicity in work, it has been kept as 1^ inches; a 
cover of 1^ inches is, therefore, not excessive. 

0. Mr. Mahapatra has also objected to the distribution of a knife-edge 
load over a uniform area of 100 square feet for the purpose of calculating 
the surcharge load. The objection made by him is correct, but it is not ne- 
cessary to be so accurate for calculatiug the height of surcharge, whose effect 
is yery small on the size of the structure. From the figures on page 14 (j), it 
will be seen that out of a total vertical weight of 50,000 pounds, the weight 
due to surcharge is only 2,130 pounds. Therefore, it is unnecessaiy to cal- 
culate the surcharge separately for different heights of structures, and as- 
sumption of a uniform surcharge of 2i feet is good enough. 

6. Bai Sahib Lala Fateh Chand has asked for a lot of information, 
some of which is outside the scope of the papei’, and can be had from various 
treatises on bridges. 

The railing should, in m 3 ' opinion, be about 3 feet over the top of the 
wheel-guard, and generally consist of T-iron standards and galvanised pipes. 
Masonry railings are a bit too hoav 3 '. ■As already shown in my reply' to 
Mr. Jagdish Prasad, the weight of railing has no appreciable effect on the 
design of the cantilever. The wearing coat should be 3-inch cement concre^ 
in case of Itutclia as well as jnicca roads. No cushion is necessary between 
the slab and the wearing coat. Designs for B. S. Beams encased in' cement 
concrete have not been considered in this paper, and in my' opinion, cannot 
work out cheaper than T-Beams. A cement motar of 1 to 6 is quite goo'd 
enough for all work above normal water level of the stream. It is only' a 
matter of choice whether 1 to 5 cement mortar be used or 1 to .6, 

As regards the distribution of load through .the thickness of slab, I 
have nob considered any further distribution of load in the paper, as I dP 



not consider it necessary, after having fixed «p the standard loading according 
to Indian Roads Congress Specifications. The distribution reinforcement in 
slabs has been fixed as 20 per cent of the main tensile reinforcement on 
page 102 of the Indian Roads Congress Specifications. It is, however, to be 
brought to notice that the Ministry of Transport has laid down a much 
greater percentage of distribution steel u/dc Appendix 1 (b) of Memorandum 
on the Lay-out and Construction of Roads. A percentage varying from 
40 per cent to 60 per cent for spans 4 feet to 10 feet, witli a maximum of 
0.5 square inch per foot has been suggested therein for steel parallel to the 
supports. Shear has been carefully calculated for in the design for slabs as 
well as for T-Benms. The value of ‘j ’ for T-Beams has been taken from 
graphs on page 57 of the book on ‘Reinforced Bridge Design’ by Messrs. 
Chattoe and Adams. Negative bending moments at supports in simple slabs, 
and over B. S. Beams in continuous slabs has boon provided for by bending 
up alternate bars of tensile reinforcement and providing some additional bars 
in caso of intermediate B. S. Beams. Thus jirovision has been made for 
negative bending moment equal to the maximum positive bending moment 
over top of R. S. Beams. Messrs. Chattoe and Adams, however, recommend 
the same reinforcement in top as at boltoiu in slabs in all cases to take up 
all possible shear and bond- stresses. This, however, appears excessive. 
Regarding complete influence line diagrams for various positions of loading, 
it is stated, that they do not appear necessary for bridges of short spans. 

Mr. Ayyar has referred to the assumption of dispersion of concen- 
trated load. In my paper, however, no dispersion of load has been at all 
considered, and, therefore, calculations have been made for the concentrated 
load in the worst position. It is, therefore, not necessary either to increase 
the thickness of slab at the end or design the wheel-guard as an inverted 
beam. 

Mr. Nambiar has suggested the calculation of tensile stress in the lower 
layer of reinforcement bars in T-Beama to see that it does not exceed the 
safe limit. It is, however, pointed out to him that the tensile stress will 
decrease as depth increases and >Yill, therefore, not exceed 18,000 pounds. 
Regarding his suggestion for calculating end-beam separately for a heavier 
bending moment, it is. pointed out that duo to the standard loading consist- 
ing of a knife-edge load and a distributed load, it is not necessary to 
do so. 


Mr. Dalta has pointed out that where a slab is directly put over an 
R. S. Joist, the joist vibrates clue to heavy rolling load, and the slab cracks. 
No such cracks have, however, so far come to the notice of the .Author. As 
already pointed out in the reply to Rai Sahib Lala Fateh Ohand, a 
T-Beam is cheaper than R. S. Joists embedded in concrete. The idea of 'slab 
over rolled steel beams' construction is ease and simplicity in execution of 
work without much expense on shuttering. Embedding of R. S. Joists ih 
concrete, however, involves a good deal of expenditure on shuttering. 

Mr. Hughes has referred to the dilliculty of shuttering for the canti- 
levered portion in case of considerable height from the stream bed to the 
road surface. This could easily bo overcome by providing an additional 
beam of a lighter section at the ends under the wheel-guard for purposes of 
shuttering which could bo removed after the maturing of concrete. 
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I agree with bhe objection of Mr. Eaghavachary that in case of slabs 
upto 10 feet span, the bond-stress at the ends would exceed the limit of 
200 pounds, as half the rods are cranked. It is, however, necessary to 
change the number of rods for spans 4 feet to 6 feet only, as suggested by 
Mr. Eaghavachary. For spans bigger than 6 feet, the bond-stress would not 
exceed 236 pounds which may be allowed. Ilool has permitted an excess of 
as much as 33 per cent over permissible unit bond-stress at ends of beams 
where other rods are bent up vide page 120 of Volume I of his Eeinforced 
Concrete Construction (1917 edition). 

There appears no objection to crank each rod at one end, and keep it 
straight at the other end placing them alternately with straight and 
bent ends. Ecgnrding continuous spans, it is stated that bending moments 
•for interior and end-spans onlj’ have been calculated. The required thick- 
ness of slab can be chosen for each particular case. There is no doubt 
that it is decidedly convenient to use the same thickness of slab for all 
spans. 

In case of T-Bcams a suggestion has been made by him to increase 
the fillets to 6 inches X 6 inches. It docs not appear necessary to do so, 
as the effective span of the slab must bo taken ns between centres of ribs in- 
stead of as the clear space between them, so that the slab may bo designed 
as continuous. The cantilever portion is already safe with thickness as 
7 inches without support from fillets. Negative bonding moment has been 
provided for at the supports by bending some end-bars. It is regretted that 
calculations for bond-stress were left out for T- Beams. It will not, how- 
ever, exceed the permissible limit. It has been suggested that the width of 
the rib could bo reduced to a limit which would allow the permissible spac- 
ing of rods. But if breadth will bo reduced, shear will increase. It is, there- 
fore, not advisable to reduce the breadth of ribs. The points of bending 
of I’einforcement bars in T- Beams as shown in figure 5, are applicable to all 
T-Beams. This arrangement has been taken from the recommendation 
made in Military Engineering Services Hand-Book, It will certainly, how- 
ever, be better to calculate the points of bending correctly for each span. 
^Ir. Eaghavachary is thanked for his going through the paper so carefully 
and suggesting very useful amendments. 

The members who have contributed to the discussions are again thank- 
ed for the trouble taken by them and making such useful suggestions. 


COEBBSPONDENCB 

1. Comments made by Mr. Murnri lal (Punjab), by post on Paper 

No. J. 

Although the calculations involved in the design of the Eeinforced 
Concrete Slab become simple enough as soon ns the arrangement and inten- 
sity of loading is made known, yet the efforts to compile a handy table of 
useful data for the construction of small span culverts entail quite a good 
deal of labour to work out details and the Author deserves to bo congratu- 
lated for being able to put in the hand of engineers a pamphlet which will 
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enable them to construct their culverts without going through laborious 
calculations. 


I, would only add that the table should be made complete by includ- 
ing culverts of small spans of 1, 2 and 3 feet as these have been omitted 
in the' table and because majority of our culverts on roads consist of spans 
of two or three feet. The Author, according to his table III, would have 
us assume that 7 inches thickness is the minimum thickness to be used for 
Beinforced Concrete slabs of culverts of oven two or three feet span but 
this is rather extravagant, as in actual practice slabs of lesser thickness, 
of 5 inches and 6 inches, have been used for 2 feet and 3 feet span culverts 
respectively and have been found to stand the test of time and trafiic over 
our arterial roads where these have been subjected to loading of heavy 
steam road-rollers and military tanks. 


' Now I will try to show that these lesser thicknesses are ample even 
for the loads specified in the Indian Hoads Congress standard loading 
which has been adopted in the compilation of Table III by the Author. 

Take an example of 2 feet culvert ; 

Effective span = 2 feet 6 inches. 

Bending moment per foot width of slab for live load is as below : — 


Due to distributed load = 


♦68X2240X2.5_ 

8 

5712 inch pounds. 


foot pounds. 


Knife-edge load of .6 tons as applied on the top of road surface will 
distribute itself at an angle of dispersion of 45 degrees through the 
wearing surface and the reinforced concrete slab, length-wise. Let this thick- 
ness in the case ho 3 inches of wearing coat plus 5 inches of reinforced 
concrete slab or a total of 8 inches. Therefore, the knife-edge load of .6 ton 
will be distributed over a length of 2 X 8 inches *= 16 inches. 


.The bending moment, thorefoi’e, due to knife-edge load — — 

a 

where W = knife-edge load per foot width : 



L= effective span. 


1 = spread of load. 

_ .6X2240X12 /2.5 l"-4'\ 

Bending Moment = — — j — j 

= 7392 inch pounds- 

Therefore, Total Bending Moment =5712+7392 inch pounds 

= 13104 inch pounds. 

Adding 60 per cent for impact ; 

Total Bending Moment for live load = 13104 X §. 

= 19656 inch pounds. 

Bending Moment per 'foot width of slab due to dead load is as below: — 
"Weight of one foot width of 5-inob thick slabs =Axl44xl 

= 60 pounds. 

Weight of the 3-inches cement concrete wearing coat 

= X 140 X 1 = 36 pounds 

Total =96 pounds. 
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Irherofore, Bending Moment due to dead load = 


96X2-5X2.5X12 

8 


==900 inch pounds- 

Total Bending Moment due to dead' and live loads= 19656+900- 

= 20556 inch pounds. 

NowMK=IlXbXd“ 

^vheve Mu is the moment of resistance of slab 

and B= 1S7 lor a perceninge of steel of .0089 to area of concrete, - 

b representing the breadth of the slab. 

,= v5l = V- 20556 _ \ / 20556 
lib 137X12 1644 

= 3-5 inches. 


.*. d, the effective depth of slab = 


Let us keep the ofTectivo depth at '3.75 inches; adding a cover of 
1.25 inches; 

Then the total depth of slah=3.75 + 1.25 = 5 inches, 

Area of steel required =-0089X3-75X12 

= ,40 square inches 

Use 4 Nos. 3/8^^ bars, 3 inches apart (area =-44 square inches). 

■We should now tost the slab for bond and shear stress. 

Shear : 

Duo to dead load of sIab=2.5X^%X 144 = 150 pounds 
Duo to wearing coat =2,5XxWxi44 = 90 pounds 

Total = 240 pounds 

Heactiou on one support due to the above = = 120 pounds. 

Due to distributed live loud 

^ . .34X2.5X2240X1-5 

Reaction on one support = TPvvo 


= 134 pounds • 


Due to knife-edge load : — - - ' 

The knife-edge load when it is just loading the edge, distributes itself 
over 8 inches due to dispersion through concrete and slab. 


Hence, reaction on the near support = .9 X 2240 X 1.5 



=.9X2240Xl.5X-?rf. 

= 2520 pounds 

Total shear =V =2520 +134+ 120= 2774 pounds. 


•*- Shear-stress 


_ V 2774 

b.j.d. 12 X 3.75 X. 867 
= 72 pounds 


This is less than the permissible stress of 75 pounds, vide Table 1 
page 89 of the Standard Specification. 
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Bond -stress u = 


V 2774 

.8fi7X.q.7fixAx ‘22X3 
7X8 

_ 2774 
16.2 

=182 pounds. 


This is less than twice 100 pounds And hence the slab is safe for 
bond-stress too. 


"We can now compare the thickness of 6 inches with the thickness 
arrived at by taking into consideration other standard methods of designing 
the road slab by the metiiod of dispersion. 

Those ai'e : 

1. Pigenud’s method as described in the Reinforced Concrete 
Bridges '* W.L. Scots ’* pages 14l to 155. 

2. Puninb Buildings and Roads BraTich, 1929 Reinforced 
Concrete Gommictoe method. 


Pigeaud’s method : — 

The wheel load Concentrated on the contact area aXbis assumed 
to spread through the road crust and slab over a loaned area u X v. 



wliero u= 

and v= A''(6+2d)=+£r= ' 


d being the depth of road crust . 

=3 inches 

and H being the assumed 
thickness of s]ab=o inches. 


50 (j)- 


Taka a lo i;on>roller as the lieftviasfc load fchat can coma upon a 2-fect 
span culvert, 


Weight of each rear wheel =13400 pounds. 
Add 26 percent for impact = 3350 pounds. 

Total 16750 pounds. 
- Sny 1 6800 pounds. 


This weight is greater than the maximum wheel-load adopted in the 
United States and Franco (See “ Eeinforced Concrete Bridges ’’ by 
W. L. Scott), 

Tyre width of hind roller = 20 inches = a 

Area of contact parallel to slab span=3 inches =b. 

•■*v= A^(3 + 2X3)=+5== ^^81+25= -^106 = 10.4 
u= ^/(•i0+2X3)=+5== ^''676+25= '^701=264. 



10.4 
30 

26.4 
30 


= .38 


= .88 


mi=1.6 


ms =0.5 


(Sea page 104 and 105 of ‘Eeinforced Concrete Bridges' by 
"W. L. Scott). 


Therefore, bending moment in the direction of span due to live load 
will be, 


miXP=1.6X 16750 = 26800 inch-pounds and in the direction at right 
angles to span w’ill be, 

m8XP = .5X 16750=8,375 inch pounds. 

Bending moment due to dead load as already worked out 
=900 inch-pounds. 

Therefore, total B.M'.=26800+900=27700 inch pounds. 

a = = v' '^ir8=i.l taohe. 

Allow a cover of .9 inch. 

.'. Total depth=4.H-.9=5 inches. Ibis suflicient. 

Area of steel=.0089 X 4.1 X 12=.44 Square inches. 

Use 4 No. 3/8-inch hai’S 3 inches apart nrea=.44 square inches. 

Total positive bending moment in a direction 
at right angles to span=16760X. 5=8375 inch-pounds. 

And the lever arm=4.1 X .88=3.6 inches 


Hence area of steel per foot width 


8375 

18000 X3.6 
8375 


64800 


=.13 square inches 



fil (j) 


Use 3/8'^ bars, 9 inches apart. 


Punjab p.w.d. Eeih forced 
Committee Method. 

Live load as assumed in Pig- 
eaud’s method due to a 15 ton 
roller including impack=16750 
pounds on a wheel* 

Loaded length at 



right angles to support (n) =3 + 2(3+4)=l7 inches. 



Live load per foot width of slab 

„ 16750X12 
48 


Loaded length 
parallel to suppoit 

(m)=20+2(3 + 4) 
=34 inches 
Standai'd width for 
Bending Moment, (inj)t 
=1/3 (H-n)+m. 
=1/3(24 + 17) +34 
=48 inches. 


= 4190 pounds 


•*. Bending Moment for live load 



4190 / 30 17 \ 

2 \ 2 “ 4 / 

4190 43 

__ . 


= 22520 inch pounds. 


Bending Moment for dead load as calculated in previous methods 

=900 inch-pounds* 

Total B.M. = 22520 + 900=23420 inch-pounds* 

« = . = = S.8 4 inoh»,. 

12X187 

Allow a cover of 1 inch which is ample and hence total depth=5 inches. 


Area of steal, therefore, is the same ns worked out in previous example, 
7.C., u inch bars at 3 inch centres. 

Now we proceed to find the shear stress* 

Stressed width = n+ na+2d 

• =17+34+10=61 inches. 

As this is more than half the width of ‘standard train of loading' 
(which is 6 feet), therefore, 6 feat shall be adopted. 
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.'.Live load per foot width of shear = =3350 pounds. 

bU - - 

Shear is maximum when due edge of loaded area just touches the 
support. 


•.y=3360 (— ^ ) 


= 3350Xf|= - ^ • =2164 pounds. 

Add shear for dead load as worked out before=120 pounds* 

Total shear=2284 pounds. 


TT 1 ■_ V 2284 2284 

Unit shear v — 12 X 4 X. 857 “ 41.136 

=56 pounds, which is safe. 

Bond stress= .857X4x1^X22x1 

than 200 pounds and hence the slab is safe against shear as well as 
bond-stress. 

By adopting these lesser thicknesses, we shall not only be safe but 
effect, in majority of the culverts, a saving of from 10 to 30 percent. 

2. Comments made by Mr. E. S. Raghavachary (Madras), by post, 
on Paper RTo. J. < 

4 

The 'Author deserves the gratitude of the members for tlie useful tables 
prepared by him for the rapid design of bridges of spans varying from four 
feet to forty feet thus avoiding elaborate calculations every time a design 
has to be made. A few points that seem to I’equire further elucidation are 
noted below. 


Slab Bridges : — The bond-stress noted in the last column of Table 
III has been calculated on the assumption that all the tensile rods at bot- 
tom are carried straight to the supports.. But in Figure 3, ic is shown 
that half the rods are cranked. Hence only half the number of rods 
will be available for bond at support, and the bond-stresses developed would, 
therefore, be double the figures noted in Table III. The bond-stresses for 
spans 4, 5, 6, 7, and 10 feet, would exceed the permissible 200 pounds, for 
hooked rods. Instead of using large-size rods, smaller-size rods are desir- 
able, as they would keep down the bond-stress. 

Taking the four feet span, by using 3/8- - inch rods at 2i-inch centres 
the area of steel is the same (0*511 square inch per foot width) but the bond- 
stress is reduced to 120 pounds if all the rods are taken straight. In this 
case one third the number of rods could be cranked, the niaximum bond- 
stress being 180 pounds per - square inch.- In the case of five feet span, 
half inch rods at 3|-inch centres and giving the same area of 0.67 square Inch 
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per foot width could bo used. Ono third the junuber could be oraukod and the 
bond'Stross would bo liniitod to 200 pounds per squnro inch in the remain- 
ing bars carried to tho support. 


I’or spans of G foot to 8 feel, i inch diuinotcr rods and for spans of 0 
feet to 13 feet, jl inch rods arc suggested. For spans of 14 feet and more, 
^ 4 ' inch rods could ho used. In these oiisos, half tho number could he crank- 
on for nogativu bending moment (duo to partial fixity in construction etc.) 
and for diagonal tension. Tijo bond-stress would still ho within permis- 
sible limits at tho supports. 

lending Hods ; — 1 would like to suggest that tlio rods may bo crank- 
ed at otic end and struigliint the other, instead of cranking every alternate 
bar at both ends. Ins'tead of having two types of rods, it will do to have 
one kind. Tlio arrangement is shown in tho sketch, vnlc page u5 (}). 


Continuous Spans: —In para 8, in tlio ease of cunlinuoiis spans, a - 
slab thickness of 8^ inches for interior spans and 0 inches for tho end span 
is proposed by tho Author. As tho rods from tlio end spans liavo to bo 
taken well into the interior span, the rods have to ho slightly bent to 
provide tho same amount of cover. In this connection, reference is made 
to Manning’s lieinforced Conorcto Design pages 103-194, an extract of 
which is reproduced here for ready reference. 


“ Dealing now with tho next method of meeting tho increased nio- 
meuLs, i.C; hy thickening tho end span, it is clear that wo can thus easily 
cover the moments near mid-span, hut dillicully avisos at tho support. 
Figure (below) wncro tlio dillcrcnco in thickness has been exaggerated, 
illustrates this point. It will be seen that the bottom bars cannot be 
taken straight tiirough from spun to span and tho additional thieknossis not 
ofl'cetive to resist tho meinout at tho support, for section x - x in tho figure 
is only equal in thickness to tho interior spans- The section must, thoroforo, 

bo obeokod for ”• 


X 



1 would like to suggest that n uniform tbicknoss of 9 inches bo adopted 
for all tho spans and the ruinforcemonts reduced in tlio interior spans if de- 
sired- This will .also obviate tho nocoasily for providing extra rods for tho 
uogutivo bonding moment of WL°/10 at tho first Interior support. 
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T*Beams {vide paragraph 10 of the paper): — 

(a) It is suggested that fillets may be 6 inches X 6 inches so 
that advantage ma 3 ' be talren to design the slab by considei'ing 
the clear span between the ribs as effective span. In the case 
of end T-beams, this will be helpful in providing increased thick- 
ness of deck-slab for the cantilever portion- 


(b) The Author has not indicated that the negative bending moment 
due to partial restraint at the supports has been taken into ac- 
count. It is desirable that rods are provided at the top to take 


a negative bending moment of 


16 ■ 


(c) Bond-stress has not, been calculated in the example of T-beam 

for 30 feet span. It is, however, seen that bond-stress at support 
is within limits (117 pounds) with the three, one and one-fourth 
inch bars taken straight. It is hoped that the bond-stress is 
within limits for other spans also, in Table VI. 

(d) For spans up to about 38 feet, where rods can he secured in one 

length, without overlap, the width of rib could be reduced con- 
sistent with the spacing recommended in clauses D.16 and 
D.18 of the Indian Hoads Congress specifications and with the 
best proportions of height to width of rib. For the thirty feet 
span, rib width may be inches (instead of 14. inches) even 
allowing a spacing of 1^-incb diameters between rods and a 
clear cover of 2 inches beyond stirrups. If one diameter alone 
is allowed in this case, where splicing could be avoided, the width 
could be further reduced by another If incli. The dead weight 
could thus be reduced. 


(e) I would like to enquire from the Author whether the points of 
bending as shown in figure 5 are applicable to all T-beams given 
in Table VI, and 'whether there are particular reasons for the 
recommendations given. It is presumed that the bending moment 
at the points have been investigated to satisfy that the remaining 
bars are sufficient to resist the bending moment. 

Though the hent-up bars are not relied upon by the Author to 
take up diagonal tension, in the example worked out, it would 
seem better if they are spaced at a distance not exceeding two- 
third ‘d’ along the neutral plane, so that they will effectively 
add to the shear strength of the beam. 
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R. C. DECK SLAB 

SINGLE SPAN 

FREELY SUPPORTED 

ARRANGEMENT OF REINFORCEMENT 



B. — are shown diagraTnnnatically one over the other, 
though they are in the same horizontal plane. 






Friday, February 17, 1939. 


PAPEES M AND K (11). 

Mr. S. G. Stubbs, (President) I propose taking the Papers M "Eibbop 
Derelopment” and K (II) ‘X-ay-ont ol Hoads” together. Will Mr, Murrell 
kindly take the Ohnir in place of Air. Ornicrod, who is suffering from a 
throat infection. 

Mr. W. L. Murrell, (Chairman);— I first call upon Lt,-Col. H. C. Smith, 
to introduce the Paper M "JRibbon Dovelopmonb” by Jfr. TroUip ; and then 
Mr. B. Trovor-Joaos will introduce his Paper K (II) ‘’L.ay-out of Eoads.*' 

The following two papers wore tlien taken as read 



OOEEIGBNDA TO PAPEE No. M. 

As a resulb of further research the author considers that the following 
corrections have become necessary in his paper. 

Page 2 (m). 

Paragraph — Disadvantages of Bibhon Development. — Instead of “one 
of the main considerations’’ read “one consideration”. 

Paragraph S . — Instead of “more crowded with local traffic” say “more 
ci'owded with both moving and standing local traffic.” 

After “through traffic is seriously handicapped”, add “Ingress to and 
egress from private properties cause hazards and delays to through traffic.” 

Paragraph 9. — Delete- 

■' Paragraph 10. — After “slow down traffic” add “and reduce the capacity 
of the road considerably”. . . 

Paragraph 11, — Instead of “is increased fourfold” say “is increased 
greatly". . ’ 

Page 7 (m).— TTltimate Width of the Eoad. 

Paragraph 9. — insert after “the volume” — “and types”. 

Paragraph 11. — Instead of "challenged the practicability of an operut.^ 
ing speed of 100 miles per hour" say “challenged the practicability of a 
general operating speed of 100 miles per hour”. 

Page 8 (m). 

Paragraph 5. — Foreground Fmon.— After “as the speed of driving 
increases, tlie * add the following ; — “driver concentrates his attention and 
focusses his eyes further and further ahead, hence the". 

Paragraph 7, ““Peripheral Vision . — After “as tbe speed increases, the 
angle of vision" add “or of visual attention". 

Page 8 (m). 

Paragraph 5.— Instead of “for visibility purposes’’ say “for sterilizing 
and control purposes". 

Paragraph 6. — Be- write this entirely as follows : — 

(а) Perception Tt7»c.— The time interval which drivers take to realise 

the necessity for using their brakes- 

(б) Beaotion Time. — Tbe time interval between tbe realisation of the 

necessity for using brakes and the application of the brakes. 

(c) Braking 2’me. — The time interval between the application of the 
brakes and the stopping of the vehicle. 

Paragraph 6- — The Higlmay of the Fwfttre.-— Insert “main trunk" after 
“it is suggested that the cross section of tbe". 

Page 13 (m).— Bye-Pass Beads; — 

Paragraph 6. — add "(c) Delays tbe through traffic unnecessarily”. 

Page 14 (m). — Eevise clause 5 to read as follows 

"6. Access to tlje bye-pass road should be carefully limited, v.e., there 
should be few cross roads or private entrances". 

Clause G . — Instead of “100 per cent*' say “a maximum". 

Service Beads. — Amend clause 2 as follows : — 

“The carriageway of the service road should be sufficient to accommodate 
one parking lane of 8 feet and two traffic lanes, i.e., a minimum width -of 
28 feet”. 
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BTBBON DEVELOPMENT 
By 
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BIB BON DEVELOPMENT. 


Whore Highway Authorities do not control tho frontages of roads, new 
houses spring up alongside and stretch out into the country in long untidy 
rows. This is called Jlibbon Development because of the straggling strips of 
buildings that are scattered along tho main road which passes through the 
town. 

The Authorities often find it necessary to construct an arterial or bye-pass 
road for tho express purpose of facilitating through traffic, which would 
otherwiso have to pass through the congested road that passes through tho 
town proper. If control is not oxorcised in time to restrict tho erection of 
buildings along this new arterial road, the main purpose for which it was 
constructed will be frustrated. This fresh Bibbon Development will again 
hinder through traffic. Tho second state is obviously worse than the first, 
since there has been a waste of public money in building the arterial road. 

Bibbon Development is sometimes referred to as “Linear Development” 
or “Strip Development". 

Disadvantage of Bibbon Development. — 1. One of tho main considerations 
which forced tho Highway Authorities in Europe and America to restrict 
Bibbon Development was that scattered buildings along the highway destroy 
and deface the beauty of tho countryside. 

2. Houses built along the main thoroughfare of a town can be neither 
pleasant nor healthy to live in, on account of the noise and dust caused by the 
traffic. 

As now houses are built they get farther and farther away from tho town. 
This causes inconvenience and increased cost of transportation to the worker, 
and at the same time decreases his available energy for work. 

There is difficulty in providing buildings for schools, shopping, and public 
recreation which will bo within easy reach of those who occupy houses at 
the extremities of the Bibbon Development. 

3. If Bibbon Development is not restricted, the main roads become 
more and more crowded with local traffic, and through traffic is seriously 
handicapped. This makes for traffic congestion and road accidents. 

Bibbon Development also necessitates the introduction of cross roads for 
providing access to buildings erected on back land. 

The lack of proper control of frontages, access and crossways, due to 
Bibbon Development, not only tends to slow down traffic but also causes 
frequent accidents. 

4. Tho cost of Public Services, i.e., water, drainage, gas, electricity, 
telephone, etc., is increased fourfold in areas of Bibbon Development. 'Where 
there is group development on the other hand, not only is the cost of Public 
Services considerably lower, but the works can be batter planned out, more 
economically constructed and more easily maintained. 

Control Imperative . — It is therefore best for all concerned that the 
Highway Authorities should exercise timely and proper control over the 
frontages of roads to restrict Bibbon Development, and that the Planning 
Authorities should immediately design schemes which will enable those who 



wish to eroct new buildings near a growing town to do so on the lines o£ 
Group Development— for Ribbon Development must stop. 

WHAT IS TO BE CONTROLLED ? 

Motor vehicle drivers usually govern their speeds and driving practices 
by what they see and xinderstand. On the open road, with few intersections 
and unobstructed view, they may drive at quite uniform speed for miles. 
On city streets, however, with frequent intersections and varying degrees of 
restriction of view, speeds must be more irregular to conform with the 
variations in linznrds which these conditions create. 

When, upon approaching intersections, drivers are able quickly to see 
and to understand the hazards which exist, they control their speeds 
accordingly’. They approach at speeds from which they’ can slow down or 
stop as may be necessary’ to prevent collisions with vehicles they can see 
on the intersecting streets. If, however, a situation is complex and the 
driver cannot I'eadily understand it, he may fail to see a vehicle arriving 
unexpectedly or at a higher speed than he expected, and a collision results 
because he has not slowed down to a speed which will enable him to 
avoid nn accident. 

It is therefore necessary’ to oontrol : — 

(a) Access to highways ; 

(b) Obstruction of view on the highway and its adjacent terrain ; 

(c) Corner visibility ; 

(d) Parking ; 

(e) The siting of advertisements ; 

(/) The siting of Petrol and Service Stations. 

idcccss to Ilightvat/s , — This includes intersecting roads, private drives, 
gates, stiles, and unfoncod land, and is detrimental to safe and fast driving 
on the highway'. 

The principle of segregation is now well recognised. Past moving trnflic 
must be separated from slow moving trnflic, and not clogged by the tardy 
raovemonb of slow vohiclos, podestrians and animals. 

Access to fast highw’ays must bo strictly denied in the interests of nil 
trnflic. Legislation to this effect is tboroforo necessary'. 

Ohsimeiion of View. — It is nccossai'y for tho motorist to have an un- 
obstructed view of tho higlnvay in a horizontal and vertical direction and to 
have a wide peripherinl view of the adjacent terrain. 

Pirst, tho motorist must bo able to soo the road well ahead of him to 
anticipate intelligently tho movements of trafiio ahead of him. 

Secondly, the motorist must be able to see in good time whether any 
vehicles, pedestrians or animals are approaching his path from the adjacent 
terrain so that ho can regulate his speed accordingly. It is therefoi’e 
uecessary that a suflicient strip of terrain adjacent to the highway should 
bo controlled — tho greater the design speed of the highway, the broader 
should be tho width of controlled terraiifts Logislatiqn, to provide for this is 
also urgently needed. 
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RIBBON DBySLOPMENT. 


Where Highway Aobhorities do not control the frontages of roads, new 
houses spring up alongside and stretch out into the country in long untidy 
rows. This is called Ribbon Development because of the straggling strips of 
buildings that are scattered along the main road which passes through the 
town. 

The Authorities often find it necessary to construct an arterial or bye-pass 
road for the express purpose of facilitating through traffic, which would 
otherwise have to pass through the congested road that passes through the 
town proper. If control is nob exercised in time to restrict the erection of 
buildings along this new arterial road, the main purpose for which it was 
constructed will be frustrated. This fresh Ribbon Development will again 
hinder through trafiic. The second state is obviously worse than the first, 
since there has been a waste of public monej' in building the arterial road. 

Ribbon Development is sometimes referred to as "Linear Development" 
or "Strip Development". 

Disadvantage of Ribbon Development. — 1. One of the main considei'ations 
which forced the Highway Authorities in Europe and America to restrict 
Ribbon Development was that scattered buildings along the highway destroy 
and deface the beauty of the countryside. 

2. Houses built along the main thoroughfare of a town can be neither 
pleasant nor healthy to live in, on account of the noise and dust caused by the 
traffic. 

As new houses are built they get farther and farther away from the town, 
This causes inconvenience and increased cost of transportation to the worker, 
and at the same time decreases his available energy for work. 

There is difficulty in providing buildings for schools, shopping, and public 
recreation which will be within easy reach of those who occupy houses at 
the extremities of the Ribbon Development. 

3. If Ribbon Development is not restricted, the main roads become 
more and more crowded with local traffic, and through traffic is seriously 
handicapped. This makes for traffic congestion and road accidents. 

Ribbon Development also necessitates the introduction of cross roads for 
providing access to buildings erected on back land. 

The lack of proper control of frontages, access and crossways, due to 
Ribbon Development, not only tends to slow down traffic but also causes 
frequent accidents. 

i. The cost of Public Services, i.c., water, drainage, gas, electricity, 
telephone, etc., is increased fourfold in areas of Ribbon Development. Where 
there is group development on the other band, not only is the cost of Public 
Services considerably lower, but the works can be better planned out. more 
economically constructed and more easily maintained. 

Control Iviperative.-lt is therefore best for all concerned that the 
Highway Authorities should exercise timely and proper control over the 
, frontages of roads to restrict Ribbon Development, and that the Planning 
Authorities should immediately design schemes which will enable those who 



wish to erect new buildings near a growing town to do so on the lines of 
Group Development— for Eibbon Development must stop. 

WHAT IS TO BE CONTEOLLED ? 

Motor vehicle drivers usually govern their speeds and driving practices 
by what they see and understand. On the open road, with few intersections 
and unobstructed view, they may drive at quite uniform speed for miles. 
On city streets, however, with frequent intersections and varying degrees of 
restriction of view, speeds must be more irregular to conform with the 
variations in hazards which these conditions create. 

When, upon approaching intei'sections, drivers are able quickly to see 
and to understand the hazards which exist, they control their speeds 
accordingly. They approach at speeds from which they can slow down or 
atop as may be necessary to prevent collisions with vehicles they can see 
on the intersecting sti*eets. If, however, a situation is complex and the 
driver cannot readily understand it, he may fail to see a vehicle arriving 
unexpectedly or at a higher speed than he expected, and a collision results 
because ho has not slowed down to a speed whicli will enable him to 
avoid an accident. 

It is therefore necessary to control : — 

(o) Access to highways ; 

(6) Obstruction of view on the highway and its adjacent terrain ; 

(c) Corner visibility ; 

(d) Parking ; 

U) The siting of advertisements ; 

(/) The siting of Petrol and Service Stations. 

Access to Uighwaijs . — This includes intersecting roads, private drives, 
gates, stiles, and unfcnccd land, and is detrimental to safe and fast driving 
on the highway. 

The principle of segregation is now well rocognisod. Past moving traflic 
must be separated from slow moving traflic, and not clogged bj’ the tardy 
movement of slow vehicles, pedestrians and animals. 

Access to fast highways must bo strictly denied in the interests of all 
traflic. Legislation to this effect is therefore necessary. 

Ohstmetion of View . — It is necessary for the motorist to have an un- 
obstructed view of the highway in a liorizontal and vertical direction and to 
have a wide peripherial view of the adjacent terrain. 

First, the motorist must be able to see the road well ahead of him to 
anticipate intelligently the movements of traffic ahead of him. 

Secondly, the motorist must be able to see in good time whether any 
vehicles, pedestrians or animals arc approaching his path from the adjacent 
terrain so that he can regulate his speed accordingly. It is therefore 
necessary that a suflicient strip of terrain adjacent to the highway should 
be controlled — the greater the design speed of the highway, the bi’oader 
should be the width of controlled terrSiiiXs ^jogislation _to provide for this is 
also urgently needed. 
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Oornei '3 rapresenfc a special case of view obstruction which calls for more 
detailed consideration. 

Corner Visibility , — When approaching an intersection or cross roads it is 
necessary that there should be no view obstruction nt the corners so that 
drivers of vehicles approaching the intersection from different I’oads will 
see one another in good time to enable them to regulate their speed to avoid 
a collision, 

Diagrammaticall3' the position can bo stated as follows : 

Figure 1 shows two vehicles A and B approaching a right-angled 
intersection at speeds of Va and Vb respectively. In order that a driver may 
see other vehicles which are approaching the intersection it is necessary that 
there be no view obstruction at the corners of the cross road. 



This space is known as the Triangle of Visibility. 'J’he sides of the 
triangle are equal to the distances in which the vehicles could pull up. 

The following table based upon a reaction time of ^th second and 40 per 
cent braking efficiency shows those distances for speeds varying from 10 to 
70 miles per hour. 

Table I. 

Miles per hour. JO 20 30 40 50 60 70 

Braking distance or length of sides 

of triangle of visibility in feet. 20 56 110 180 265 369 489 














The nearer the vehicles are to the building lino the greater the danger, 
and therefore the necessity of a bigger triangle of visibility. 

If one vehicle is approaching the intersection as in trying to cut a corner 
or overtaking another veliiclo, the condition ^vill be still ^vorse. This is illus- 
trated in figure 2, which shows two cars A and B following a line 8 feet away 
from the same corner : — 



the speeds of the vehicles aro 70 miles per hour each, then according 
to the table, the sides of the triangle of visibility will have to be 489 feet, and 
theiofore the, corner will require to bo controlled for view obstruction for a 
distance of (489 feet — -S feet) 481 feet. This is a simple but incomplete 
solution to the problem. ^ Other factors come into the question, c.g., variation 
in braking distances on dillerent road surfaces, drivers’ reaction time, etc. 

No doubt, 70^ miles per hour is today a- very high speed with which to 
apxiroach a junction ; but, wo consider, it may be tlio sxieed of the future if 
access is limited. 

■When obstructions such as buildings, walls, trees, etc., are within this 
triangle of visibility and cannot be removed, it is necessary to install maxi- 
mum speed limit- signs to indicate to drivers the 'maximum safe approach 
speed’. This term, though not quite coiTeofc, conveys the meaning better 
than the correct technical term "critical speed”. 

The question arises as to how much land at the corner of the cross roads 
should have its use controlled. This, as we have shown, is dependent upon 
speed. The greater the approach speed the bigger the triangle required. - On 
the other hand, it is necessai’y for reason of economy to keep the area 
required for corner visibility to a minimum. 



Parking on the Highway. — (a) Boadside Halts . — Provision should be made 
in the layout of roada for roadside halts to be located at view-points and rest 
places, to enable the driver and his passengers to rest awhile and enjoy the 
scenery. To enable this to be done without causing danger and inconvenience 
to other users of the road, properly designed parking bays should bo provided. 
If service facilities are also required they should be provided in accordance 
with the principles set out under Petrol Service Stations. 

Qthefr amenities might be included, e.g. first^id equipment, telephone, a 
iiiap of the district and a detailed map of the environment to enable those 
who understand the use of maps to secure the maximum benefit from their 
visit. 

It must be remembered that tounsm is a national asset, and services 
such as have been indicated will enable the work of the highway engineer to 
be better appreciated and will pave the way for the approval of finance to 
improve his roads. 

(b) Garages . — The parking of cars has been defined as a privileged use of 
the highway not contemplated by law. Parking reduces the width of 
carriagoway available for main traffic. In business districts and in main 
streets the delay occasioned thereby is serious, and results in accidents. 

The control lies in restricting parking and in the provision of garages. 
Streets are not the proper place to park vehicles : streets are meant for the 
movement of live vehicles and not for the storage of dead ones. 

Places which attract the public in large numbers therefore require to be 
provided with garages to enable them to absorb their own traffic. Ample 
garage accommodation should be provided in all business quarters, for 
residents, office executives and visitors. 

In the case of buildings which are bnilt along main or through streets,- 
ample accommodation by way of garages or compound space should be pro- 
vided for residents’ and visitors’ cars. 

ildueritsmejiis.— Billboard companies are quick to appropriate for their 
own profit the values created by public investment in the construction of 
highways. They line up their billboards along new roads almost as rapidly 
as they are built. 

The billboard menace must be controlled. 

They destroy the quiet loveliness and amenities of the picturesque 
countryside ; they cheapen the approaches to the towns ; they are a constant 
menace to life and limb, both as distracters of attention at danger points and 
as obstructions to vision at intersections. 

Control should be based on the following principles laid down in a code 
recently formulated by the Safety Pirst Association of India in conjunction 
with the Town Planning Committee of Bombay : — 

(a) Interference . — Billboards or advertisement hoardings in the vicinity 
of a highway should be located so that they will not affect the visibility of 
motorists or unduly distract their attention, especially at dangerous situ- 
ations or on congested highways ; obstruct the path of pedestrians or hinder 
their visibility at crossings ; or masl; the entrance of vehicles from side roads 
and drives into the highway. 
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(b) Siting. — No advevtigemenfc should bo located within 150 feet of intet- 
sections in the country or within 75 feet of intersections in towns. The 
same distances apply respectively to uncontrolled railway crossings and to 
the inside of bends in the country or in the town. 

ic) Places of Public Interest . — No advertisement should be located so as 
to obstruct or mar natural scenery, encroach upon the precincts of a 
historical monument, shrine or relic, or injure the amenities of any part of a 
neighbourhood. 

Petrol and Service Stations . — While roadside advertisements and bill- 
boards are considered to bo parasites of the highway, the roadside petrol and 
filling station, whether in an urban or rural district, is a necessity to all users 
of the highway. Yet, even these filling stations, if not strictly limited and 
controlled, often become sources of highway nuisance. 

In rural districts, small filling and service stations, plastered with cheap 
advertising, spring up like mushrooms. Other roadside stands crowd round 
these regular tourist halts; and soon an uglj' ribbon slum develops — an 
eyesore and a positive handicap to the efficiency and safety of a costly 
highway. 

In urban areas, petrol and filling stations if wrongly sited or badly 
designed! not only interfere with traffic but also constitute a danger to 
pedestrians and a source of annoyance to the neighbourhood. 

The number of fuelling and servico stations should be limited. They 
should be set back 30 to 4:0 feet from the highway. ■ They should be of a 
simple, straightforward pattern, designed to harmonise with the surrounding 
landscape. Advertisements should be limited to the name of the filling 
station alone. 

They should be provided with proper entrances and exits. If placed on 
alternate sides of the road, the necessity of cutting across the trafiQc stream can 
be avoided. No pump should bo within 20 feet of a street curb. They should 
never bo located at the bottom of a steep gradient, on sharp carves, at 
important road intersections, or inside a bend. 

In general, all filling and service stations should be kept in a tidy and 
orderly condition. A standard sign, signifying the presence of a filling or 
service station, should be fixed in advance on the highway, and no intermit- 
tent illuminated sign should be used at the station itself. 

ULTIMATE WIDTH OE THE EOAD. 

The design of a highway is dependent upon the maximum operating speed 
and the. volume of trafiio to be carried. 

In considering the maximum operating speed of the vehicle we have to 
take into account the limitations of the vehicle and the limitations of the 
driver. 

(a) The Vehicle . — Professor B. A. Meyer has recently challenged the 
practicability of an operating speed of 100 miles per hour. He points out the 
high cost of constructing highways suitable for such speeds. Besides, he 
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says, fuel costs would probably be three times as great at 100 miles per hour 
as at 40 miles per hour. Oil consumption at 100 miles per hour would 
increase rapidly, and tyre wear would probably be six times as great.' 
Mechanical breakdowns would also increase. 

It is not too much to expect that automobile designers will overcome some 
of the above mentioned costs of high speed and make further advance in 
this direction. 

(b) The Bead.— "With straight, well surfaced roads having wide flanks 
no further improvement seems necessary ; but for all practical purposes, such 
conditions are not possible. 


(c) The Driver . — There are distinct human limitations which have 
important relationships to driving speed. These are set out in the following 
table : — 


Speed miles 
per hour. 

Foreground 
vision, feet. 

Focal Distance 
of eye, feet. 

Peripheral 
vision, degi'ees. , 

Speed in feet 
per second. 

20 

43 

440 

52 

29.3 

30 

. 58 

780 

50 

44 

40 

82 

1.110 

38 

' V 

68.7 

1 

45 

98 

1.270 

34 

66 

50 

108 - 

1,430 

32 

73.3 

' 60 


1,800 

23 

88 

65 


2,000 

15 

95.3 

,70 

- 

Infinity 

- 

102.7 


Foreground Fi’szoji.— As the speed of driving increases, the foreground 
immediately in front of the car becomes more and more blurred, and the 
driver is- not able ,to see clearly the details of the highway just ahead of him. 
Only those objects which are some distance ahead, are clearly visible to the 
driver of a fast moving car. 

Focal Point of Tizion . — As the speed increases, the point upon which 
the driver concentrates moves farther away. 

Peripheral Vision . — As the speed increases, the angle of vision narrows 
down from about 180 degrees when at rest to almost the width of the road 
when at 70 miles per hour. 
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tthe illustration (Figure 3) will make the human limitations clear :■ 



DE is the limit of tho foreground vision. 

X is tho point of focal vision. 

L BAG is tho angle of peripheral vision. 

From an examination of tho table it will bo soon that tlio human element 
determines tho limit of maximum safe speed for which roads should be 
designed, viz, 60 to 70 miles per hour. 

Conirolled Terrain . — In designing the highway it is also necessary to 
provide a right of w’ay which is equal to the ultimate width of the road 
plus a strip on either side of the fast motorway for visibility purposes. 
While only the strip equal to tho ultimate width of tho road is to be 
purchased, a further atrip, for visibility purposes, adjacent to the highway 
should be under tho control of tho Highway Authority. 

Tho need for this strip of terrain to be controlled wdll be apparent _ when 
we consider tho amount of time required to stop a fast moving car, which is 
made up as follows : — 

(a) Perception Time . — The time which drivers take to realise tho 
necessity for using their brakes. 

(b) Reaction Time . — The time taken by drivers to use their brakes, 

(c) Braking Time . — The time taken by the vehicle to come to a stop. 

THE HIGHWAY OF THE FUTURE. 

It is suggested that the cross section of tho highway needed to suit 
future requirements will be based upon tho principle of segregating fast from 
slow or local traihe. 
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"Whora conditions ave suitable, tho fast and slow highways will follow 
tho same alignment and bo parallel to each other. In placos tlioy may bo 
parallel to the railwa 3 '. 

The fast road will be designed on tho dual carriagoway principle and each 
carriagewaj' will consist of two or oven three lanos and a wide vorgo. The 
fast road will have a medial strip about 20 foot to 40 feet wide. 

Tlio slow or local I'oad will bo designed to carry two lanes of traflic. In 
towns and villages, as tho need arises, provision will bo made for footpaths, 
cycle tracks and parking strips, each separated by n vorgo. In towns and im- 
portant villages, slow roads will be necessary on both sides of tho fast road. 

On this basis, tlie ultimate width of tho road will be as follows : — Fast 
road 140 feet ; slow road 80 feet. Such roads would be constructed in stages. 

Whore both roads are in parallel alignment, they would have to be separated 
by a strip of land — 40 foot is suggested. 

It will also bo necessary to control, for visibility purposes, the use of the 
land on either side of tho fast roads — 30 foot strips are suggested. 

Tho factors in this problem are ns 3 'ot imperfectly understood and an 
investigation is being made in this connection. 

In towns and important villages, the right-of-way to be purchased will 
equal ; — 

Fast Bead ... ... ... 140 feet. 

2 Slow Boads (§ 80 foot ... ... IGO ,, 

2 Dividing Strips ® 40 foot ... ... 80 „ 

380 „ 


Whilst the width of tho strip to be controlled will be : — 

Ultimate right-of-way ... ... 380 foot. 

2 Visibility Strips @ 80 feet ... ... 60 ,, 

440 „ 


This forecast of tho probable cross section of tho future highway ma^' 
seem to some to be fantastic. But let them not forgot that what we take 
as matters of fact today seemed equally fantastic to tho generation before us. 
The Speed King of half a conturj’’ ago would appear like a slow motion 
acrobat if he took the road with Malcolm Campbell todnj'. It was a general 
belief, then, that trav'eHing over 100 miles per hour would kill a man, even 
granting that such an impossible speed could be attained. 

The highway’- that is constructed today must be constructed to satisfy 
the need of the future, and not merely to quiet the demands of the present. 
What have our Highway Authorities done in this direction ? For all 
practical purposes, they have not even begun to think over the problem. 
Our Town Planning Commissions too are acting as though there was no need 
whatsoever to adapt our roads and highways to anticipate these future 
conditions. 
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The mofcoi’ cai*, tov inshance, oughi: to have been anticipated at the 
beginning of the century. It was bound to come ; yet only Haussmann in 
Pari.s had the foresight to plan out a city for the needs of future transport. 
In other countries nothing was done to meet the inevitable consequences of 
motor transport. Highw'ay Authorities let consequence after consequence 
take them by surprise, and then tried their remedies — belatedly. 

The same fate is in store for our cities and trunk highways unless some- 
thing is done and done immediately — soon, it may bo too late. 

WHAT OTHEE COUNTRIES HAVE DONE. 

r/ic English Ttestriclion of liibhon Development Act . — The English 
Restriction of Ribbon Development Act of 1935 has three main objects : — 

The control of access to roads. 

The control of the use of the terrain adjacent to the road for the pur- 
poses of visibility and the prevention of distraction. 

The provision of parking facilities. 

1. By access is understood the construotion of path w-ays or carriage- 
ways leading to the road, or the insertion of a gate or stile in a fence olong 
the road. 

The Act makes it unlawful, without the consent of the Highway 
Authorities, to construct any means of access to all classified roads, to certain 
unclassified roads mentioned by the Highway Authorities, and to all proposed 
roads. 

2. By control of tho use of the terrain adjacent to the road is meant the 
prevention of tho erection of buildings alongside the road which may liinder 
motorists' visibility, and tho prohibition of roadside advortisements which 
aiTect motorists’ visibility, cause distraction to the motorist, or mar tho beauty 
of the oountrysido. 

In the ease of existing roads it becomes unlawful, by this Act, to erect 
any building within 220 feet of tho middle of tho road. 

In tho case of proposed road the Highway Authorities may compulsori- 
ly acquire land Avithin 220 foot of tho proposed I’oad in order to prevent 
the ereotion of buildings whjoh w'ill hinder tho view of tho motorist, 

If tho Highway Authorities do not exorciso the power to acquire the 
adjacent terrain, then it is permissible for adjoining property owners to build 
up to the ultimate width of tho road, Tho ultimate width is tho widtli 
that is fixed by the Highway Authority for any particular road (CO feet to 
160 feet). In many cases it may iiappen that the actual width of the con- 
structed road is loss than tho width fixed by tho Higliw'ay Authority for 
that road — tho width fixed is tho ultimate width. 

Noic.“~In . all cases compensation shall bo paid to any owner who can 
prove that liis estate or interest is injuriously ailectod by the restrictions 
imposed on his land by this .‘Vet. The land can be said to ha injuriously 
affected when its development is prevented by this Act, if the development is 
praotioable and if there is demand for snob development. 
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3. Provision is made for parking faoiltities by extending the powers of 
Local Authoi'ities, who are given the power to maintain buildings for use as 
parking places and to acquire land for the purpose of providing means of access 
to such buildings. 

Local Authorities are also given the power to demand the pi’ovision of 
adequate parking accommodation for all proposed buildings of 2,60,000 cubic 
t feet and upwards, for petrol filling stations, refreshment houses, or stations 
for Public Service Vehicles. 


U. 8. A. HigTiway Zonhig . — Different methods are adopted in controlling 
and regulating roadside uses in different countries. In America, many States 
favour the new method of highway' control — Highway Zoning. 

Highway Zoning is the most practical method of securing roadside 
control, for it provides for the general control of the entire length of highway 
terrain by State regulation and also for the particular control of sections or 
districts along the highway (which may need differences in regulation) by 
local restrictions imposed by the Highway Authorities. 

The term Highway Zoning w’ould thus include both linear zoning as well 
as district zoning. By linear zone is meant a strip of X feet of adjacent 
terrain on each side of the entire highway which is subject to the general 
restrictions as to land use imposed by the State. Besides these general 
restrictions, .the Highway Authorities are given power to regulate and control 
the adjacent terrain according to the particular needs of the locality through 
which the highway passes. 

In practice, 'zoning' deals largely with land uses, but not necessarily so. 
Thus, for example, the Highwaj' Authority may make different regulations as 
to the height of buildings, setbacks from the building line, etc., to suit the 
» requirements of different localities •which front on the highway. For instance, 
the Highway Authorities may stipulate a setback of 100 feet in one district 
and only 70 feet in another ; but no permission can be granted even by the 
Highway Authorities for a location within 50 feet of the right-of-way — this 
being a general restriction placed along the entire length of terrain by State 
regulation, according to the principle of linear zoning. 

Again, the Highway Authorities may regulate the use of land fronting on 
a highway, for business or residential purposes. 

In district zoning, the entire length of the terrain adjacent to the high- 
way, extending for miles, would be divided into zones or districts, eaph 
allocated for special purposes. The zoning plan usually provides fpr fouy 
main classes of districts : — 

(a) TJie Besidence District where only residences and accessory buildings 
can he erected. 


(b) The Business District where only stores, with a minimum of light 
manufacturing as accessory, can be built. 

(c) The Industrial District where buildings for any industrial activity-K 
except hea-vy and nuisance industries, may be erected. 


(d) Tlie Rur^ District where the land fronting the highway is mostly- 
devoted to farming or plantations— including the sale thereon of' 
eir own pioducts , parks, recreation grounds and reserves ; 
cemeteries, schools, churches and a limited number of residenqes., ‘ 
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The determination of the boundaries of these districts shall bo' left to the 
iudgment of the Highway Commission. 

Advantages , — The system of “Highway Zoning" adopted in America to 
control and regulate roadside uses has two important advantages over the 
"Eestriction of Bibbon Development Act of 1935” passed in England for the 
same purpose : — 

1. The varying of restrictions to suit the requirements of particular 
localities which Highway Zoning allows, gives to zoning a distinct advantage 
over the English method of uniform restrictions imposed along the whole 
length of the highway. Zoning exorcises a uniform general control through 
linear zoning, and also provides for adaptation of special restrictions to suit 
particular localities by district zoning. 

2. The application of the principle of zoning to any highway does hot 
entail payment of compensation to property owners of the adjacent terl'aiti. 
Zoning is done under what in the United States is called Police power, and 
consequently property owmers have no right of damage for restictions on 
their use of property. In other words property owners are free to make 
any use of their land iirovided they do not cause nuisance to the community 
in general ; and any use of land will constitute a nuisance which adversely 
affects the protection of life, the health, the morals, or the general welfare of 
the community — the Municipality or zoning authority being the solo judge 
in this matter. 

Neither the restrictions nor the refusal to pay compensation for alleged 
damages sustained by the restrictions aro in any way unfair or unjust. 
Property owners, usually well paid for the right-of-way land which they sold 
to the Highway Authorities, seek a second reward thi’ough use or sale of 
frontage property for roadside stands, petrol stations, billboard sites and 
other similar uses. This ultimately destroys both the attractiveness and 
the efficiency of a highway constructed by public invostment. This is often 
the fate of a costly highway, simply because the Highway Authorities failed 
to exercise roasonahle control of highway frontage development and uso. 

BYE-PASS BOADS.' 

When there is heavy through traffic between two centres, it is not fair 
to make that traffic force its way through .intermediate communities, 
ns this ; — 

(а) Crowds the local streets with non-business bringing traffic ; 

(б) Decreases the attractiveness of the local business centres ; 

(c) Adds to the local tax-payers burden on account of increased road 
repairs and traffic control ; 

(tf) Subjects the local people to unnecessary hazards of life and limb, to 
noise, dust and dirt, and to pollution of the atmosphere occasioned 
• by motor vehicle fumes. 

Principles to be observed in the layout of Bye-Pass Bonds. — 1. Prohibi- 
tion of building on either side of the road fora distance of- X feet must 
apply before the road is built, i.e., there must be a Bibbon Development Act, 
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or, alternatively, the land must be bought by the Highway Authorities, or 
the use of the land must be controlled, i.e. it must remain a bye-pass and 
not a new street. 

2. The take-ofif, i.e. the enti*ance and exit should be easy. 

3. Should be as direct as possible. 

4. Should bo built for a reasonably high safe speed. 

5. Access to the bye-pass road should be denied, i.e. no cross roads or 
entrances. 

6. "Visibility, both vortical and horizontal, should be 100 per cent, i.e. no 
blind comers or restricted views. 

7. "Use of the bye-pass should be restricted to fast motor vehicles only. 

Benefits of Bye-Passing. — 1. So far as the tax-payer is concerned, bye- 
passes are preferable and more economical than widening a heavily-trafficked 
business street, provided Bibbon Development is prohibited. 

2. So far as the resident is concerned, congestion, danger of accidents, 
noise, smell and pollution of the atmosphere is minimised. Local business 
and traffic is not interfered with. Besidential property is thus protected. 

3. So far as the through passenger or driver is concerned, traffic conges- 
tion is relieved. Accidents are lessened and traffic is enabled to attain reason- 
able speed. 

SBEVIOB BOADS. 

In built up or residential areas, private carriageways with entrances or 
garage entrances, etc., seriously interfere with the passing through traffic, 
whilst cars parked along the road reduce the effective width of the carriage- 
way and therefore obstruct the passing through traffic. 

When new roads are built, such interference and obstruction can be pre- 
vented by the provision of a separate service road laid parallel to the main 
highway for the purpose of accommodating local traffic. 

The principles to be observed in the layout of service roads are : — 

1. Access to main roads should be kept to a minimum. Tn towns, cross 
roads should generally not be spaced less than 440 yards apart. 

2. The carriageway of the service road should bo sufficient for two 
streams of slow moving vehicles, i.e. a minimum of 20 feet — 26 feet is better. 

3. A foot-path, to accommodate foot traffic and the utilities, should be 
provided. 

4. Separatecyolo tracks— minimum of 6 feet— are desirable on both sides 
of the carriageway. 

5. The buildings abutting should have sufficient space within the com- 
pounds to accommodate the vehicles of residents, visitors and tradesmen ; 
whore this is not possible a parking strip of 8 feet width should bo provided. 

6. Verges separating the footpath, the cycle track and the carriageway 
should bo provided — 6 feet is suggested. 
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7. Comet* development should be controlled to aid viaibility, and kerbs 
of a minimum radius of 30 feet should be used. 

GEOUP DEVELOPMENT. 

Group development should be encouraged by local authorities, by planning 
in advance the development of areas away from arterial roads. This plan 
should necessarily form part of a master plan. 

If streets and utilities are provided vrell in advance of building require- 
ments — in suitable areas — than such areas will attract buyers. 

Villages and their Jtelation to Main Bonds. — The development of villages 
and towns along main thoroughfares is wrong in principle and should he 
avoided. Planned develoqment should take its place. The main road is an 
unsuitable situation for a town or village. 

Replanning of Existing Villages. — The question is what is to be done 
with existing villages through which main roads go. 

The remedies suggested are : — 

(a) Bye-passing the village. 

(b) Widening the main road and adding service roads on both sides to 

deal with the local trafllc. 

(c) Eeplanning the village away from the road and taking advantage of 

rebuilding, expiration of leases, etc., to rebuild the village away 
from the main road in accordance with the principles set out under 
"Siting of New Villages.” 

The question of bye-passing and service roads has been dealt with before. 

Eobuilding of a village away from the main road is not such a difficult 
matter ns it may soem. The thing can bo done by a bold use of the blessed 
gospel of opportunism by the inevitability of gradunlness. It means the 
seizing of the apparently small opportunities that occur as rebuilding takes 
place, and as leases expire ; and from the continued seizing of these 
opportunities, the gradual I'oalisation of a scheme that may have occupied 
years between its inauguration and completion. There has been an immense 
amount of rebuilding in tho central areas of our large towns during the last 
decade and there has been a lamentable missing of tho opportunities that 
this rebuilding has afforded. 

"The most inspiring and almost the solo example of rationalised 
opportunism in town improvements is the sti’cet system in Paris. There two 
or three centuries ago Haussmann and his associates designed a scheme 
for a complete replanning which has been steadily realised from that day to 
this. The imagination and courage shown in designing and executing that 
scheme, long before tbe advent of motor transport, was stupendous. And 
the result is magnificent.” [Thomas Sharp — “Town & Countryside”] . 

If a complicated city like Paris can be replanned, how easy it would-be to 
change tho site of a village from tho main I'oad to a better site, off tbe -main 
road where the villager can enjoy the health and pleasure which is denied to 
him when he lives on the main road. 
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Siting of Nao Yillages . — Tho principles to bo observed in the siting oi 
new villages and ro-dovolopmont of older villages ai*o as follows : — 

1. Tho site should bo sufficiently far away from the main road to admit of 
the drivers of fast traffic seeing in good time any traffic emerging from the 
village road. 

The terrain within the triangle of visibility (viz. A.B.O. in figure 3, drawn 
for 70 miles par hour) should bo froo from buildings, trees, hedges or other 
obstructions, and tho use of ■ tho terrain parallel to tho road should be 
controlled for a width at least equal to BO as shown in that figure. 

2. Access to tho main road should bo limited. W^hcro there are several 
villages, they should, as far as possible, bo connected up to the same road. 

3. Tho intersection of tho village road and main road should bo at right 
angles as far ns possible. 

4. All cross traffic should bo made to stop before entering tho main 
road. A gate which would o])orate traffic signals would be an advantage. 

5. Tho buildings should bo built of local material. 

6. Tho site should bo chosen with regard to landscape, water, prevailing 
breeze and drainage. 

FINANCE. 


Tho all important question of finance will deter tho majority from proceed- 
ing with the solution to the problem. They will prefer to muddle through 
without a plan, then find it necessary later on to undertake widening and 
other road improvement schemas at n cost which will bo considerably greater 
than it would have been if tackled on a planned basis. 

The question of. finance determines w'hother there should bo : — 

(1) Bestriction of Bibbon Development, or 

(2) Highway Zoning. 

Tho motorist is already contributing heavily to both Central and Provin- 
cial Governments, and Municipalities and Local Authorities. 


In England, tho cost of financing tho restriction of Bibbon Development 
is met by the Boad Fund and it is suggested that the same procedure be 
followed here. 

WHAT SHOULD BE DONE IN INDIA. 

Control is desirable over all highways. However, in a vast country like 
India, with limited finance, tho cost of giving ciTect to this would bo greater 
than tho capacity to bear. But we must have tho necessary legislative 
machinery and this must bo exorcised nt important points at least. 

They can be summarised thus : — 

1. All approaches to towns and large villages along main roads should 
be controlled. 

2. The use of tho terrain on both sides of now trunk roads should 
be controlled. 

3. Advertisements and Service Stations along all highways should bo 
limited and controlled. 
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•*. Tito terrain on hoUi sides of bye*pass roads should 1)0 controlled. 

5. Tlic corners of all intersections with main I'oads should bo controlled. 

0. Ar.ywharc along the main highway where symptoms are evident of 
the building of a town or largo village, such ns may be occasioned by the 
discovery of metal ore or the location of medicinal springs control should be 
DXerci.'jed. 

Control should extend over 440 feet, i.e., 220 feet on either aide of tho 
centre line of the highway. 

As to tho choice of method of control, the author is of opinion that tho 
Zoning method is prefovahle Its advantages have been discussed before. 
It will considerably Ic.ssen the fniancini tltHiculty. 

T)>e proper lime to introduce legislation to control Hihhon Devolopniciit 
is now. 

There are ninny con.sidcratton.s which nialro it impomtivo tlial legislation 
should come to the roscuo of the highway authorities, 

Tlio tourist hnsinoss has become n leading industry in many countries; 
and Judin can take the first place if only facilities for tourists are forthcoming. 
What country can mntcii with India in tho hire of her unconquored snow- 
pcalcB, tho charm of licr i|unint customs, the glory of her historical monuments 
and tlio mystery of her religious ceromonies ? All these arc hidden from 
ilio tlioiisniids of tourists who regularly visit other oountries, heciiuso it is 
well Utuiwn ihnt touring in India at present is anything but a plonsuie. 

It is aKo in tbo interests of industry that highway control and develop, 
nunit siiotild he taken in hand immediately. N’o one will deny that the 
project needs money : hut only the blind can fail to perroivo that the teturns 
will repay tlio outlay. 

Tho people of India are principally agriculfni’ists — they lielong to the hind. 
Tlioy arc happier in rural surroundings. But a well-planned sy.stcm of roads is 
necessary to ciinblc them to sell profitably tlieir agricultural and cottage 
industry product^. Cho-ip tran.'-port, quick routes and minimum handling are 
necessary for this. Only then can tho ideal of modem planning he attained, 
whore iho people can live as near to tho country.side ns possible. If transport 
is facilitated, inland produce can find a ready market. Jf transport is ciicap 
and quick, cottage indualric.s will flourish. If transport is e.isy, heavy indiis- 
tires can work unreelricled far away from town's and congested areas. 

Cheap road transport is necessary for the progress of trade and 
commerce. Transport facilities create business and larger jirofifs for the 
fanner and the internal producer, 

But mere novclopmeni and control of tho liighway is not enough, Ifniidom 
doVelopmeiit, piecemeal control, and ill-concoivcd planning will lend to 
nothing good. We must jdan with fore.siglit. and then build in accordance 
V, 5th the preconceived plan. Wc must, have Regional Plans, dr.awn up for 
every region or distnci, and Alnster Plans prepared for every one of our towns. 
Tltt aligjiment of the road should he designed to satisfy all rcquiieniems, and all 
safety ma'isurcB should he ccnsideieil, Kvery detail must lie worked out iti 
viow of the uhimate ami preconceived plan ; nothing should he loft to ehsuce, 
whim or c-i price. The foresight of Ilaussmuisn must inspire u=. 
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After foresight comes courage. What India needs most today is men of 
foresight and courage. Foresight to deal with the problems that are bound 
to come, and courage to face the opposition of liiose who would live for the 
present and let tlie future take care of itself. 

The Present is what the Past planned out; the Future will be what the 
Present conceives. What is the legacy that we wish to leave behind us ? 

Admiring a beautiful Italian city, Huxley said: “I thought of all the 
men who had lived here and loft the visible traces of their spirit and 
conceived extraordinary things.” Ts that tho legacy we wish to leave behind ? 




No. 1 The Gateway of India. 
Sea approach to Bombay. 
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No. 4 Land approach to Bombay. 
Junk yard along Ghod Bunder Road. 









DISCUSSIONS ON PAPER No. M. 


Lt.-Col. H. C. Smith (Bombay) ; — In fclio absence oi the Author, 
Mr. Ormerod hud agreed to introduce this paper, but I regret to say 
that he is suilcring from an infection of tlie throat and you will be deprived 
of heai'ing that well-known voice at this Congress. I have, therefore, 
been asked to introduce the paper, lieforo doing so, lot mo say how 
sorry Mr. Trollip is that he is not able to bo here. 

You will reinomher that the original dates for ' the Congress were 
fixed for 5th to 12th, and on this ilr. Trollip nrrangoii to give his 
presidential address to the Association of Mechnnical Engineers on 
February 17. Then came the change of dates and Mr. Trollip has found it 
impossible to alter his programme. 

Since tlie date \v!>cn the im])er was written, Mr. Trollip has made 
a furtiier study of tlio subject and has drawn up a list of alterations and 
additions which I will pass on to the Secretary for inclusion in the 
linal proceedings.’" 

In every country in the world, the developinenl of motor vehicle 
transport is creating new and diflicult problems. Ribbon development 
is one of these. England has tackled the question by passing the "Eostriction- 
of Ribbon Development Act" and the United States has done the same 
with the "Highway Zoning Act". In India, nothing has been done as 
yet to forestall or combat the evil, hut it is understood that steps are 
now being taken to I'ostrict Ribbon Uevolopment and to safeguard Pro- 
vincial roads in the Bombay Province. In future, it is said, no villages 
will be permitted to spring »ip close to Provincial I’oads ; and where these 
Provincial roads aro being (1ovclo3)ed (as in the case of the Bombay-Poona 
and Bombay-Nnsik Roads}, bye-passcs are to bo constructed wherever 
possible. 

Rigid control of the highway and the adjoining property is essential 
if road transport is to progress in India as it has done in other countries. 
Tbo legislative moans of achieving this should be examined ; and if the 
existing macliinery is iiisutlicicnt for tho purpose of adequate protection, 
special measures should bo passed without further delay so as, to make 
ribbon dcvolopmont impossible. 

The main purpose of the rostrictiou of ribbon development (1) is to 
.limit access to the highway so us to facilitate through traffic (2) is to 
-prevent physical structures i.e. buildings, bill boards, etc. from being 
erected within a certain minimum distance of the highway in order to ensure 
good visibility for driving, and (3) is to enable future i*oad widenings to bo 
made at the miniuniui expense. 

If ribbon development is not rostrlcted, roads become more and more 
crowded with local traffic and through traffic is seriously handicapped. This 
makes for traffic congestion and accidents. Tim exits to a large town -must 
he ample. A few direct bomb hits on these could hamper evacuation and 
hinder traffio enormously. Whore bye-pass roads are constructed- for. the 

Tlmso appear on the page facing the lirst page of paper M. 



express puipose of facilibating through traffic, now • buildings spring up 
alongside if control is not exercised ; the purpose for which the arterial or 
bye-pass road was constructed, is thereby frustrated as through traffic is 
hindered by local traffic, and by obstructed visibility. This results 'in sheer 
waste’ of public money spent in building a costly highway. 

Existing Measures of Control : — The question of controlling unsystem- 
atic building over large areas in suburban localities, I ani told, has been 
engaging the attention of the Government of liombay. There are possibilities 
of*’ the “English Town and Counti-y Town Planning Act of 1932” 
being adopted here. • This, of course, involves the question of compensation, 
and the paitiijipation of Local Authorities in the planning, and partial 
financing of such schemas, and it is unlikely that the adoption will prove 
successful. 

Under the Eayatwari tenure, which controls the use of the land in 
the Province oi Bombay, the Collector has the power to refuse, subject to 
the general orders laid down by Government, the conversion of land from 
agricultural to non-agricultural use. Collectors may refuse permission to 
convert land to non-agricultural use under certain conditions, sanilaiT, 
civic and aesthetic matters being taken into consideration, but at the 
present moment Collectors are reminded that such refusals should be ex- 
ceptions rather than rules. It would, of course, be possible for Government 
■to. pass general rules restricting the use of land along highways ; but so 
far Government have not laid down any fixed policy in that matter. 
Kibbon Development must be restricted by a Special Act, and until such 
legislation is in force, general orders should bo issued to Collectors not to 
allow non-agricultural use of land within 220 yards of a main liighway. 

The systems followed by England and .America for the restriction 
of Eibbon Development have been outlined by Mr. Trollip in this paper 
and their advantages and disadvantages briefly dealt with. The question 
of finance and compensation to property owners has also been considered. 
The urgent need for legislation in this matter must be made clear. The 
paper has been iirepared with a view to throw more light on this important 
problem and to urge that legislation should be enacted now while there 
is still time to prevent what may soon become financially difficult at 
aS'later dat'o. 

I have much pleasure in introducing Mr. Trollip’s paiier. 

Mr. M. Mahapatra (Orissa) : — All of us know the evil effects of Eibbon 
'Development. The author has very clearly stated the cause and has made 
definite suggestions to solve the problem. We find the same people, while 
•living in villages, build their houses in regular lines with straight roads in the 
front and spacious yards on the back, bub when tliey come to a town 
they want to utilise the very inoh of laud they possess in erecting structures, 
without having any consideration for ventilation and drainage. The reason 
is that in villages the laud is very cheap while in towns each inch of land 
means money. ~ 

I had an opportunity to be in charge of Municipal work and had bitter 
experience of ribbon development. What to speak of leaving frontage and 
side space, the public land was gradually being encroached upon by extending 
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foundation projection, construction of steps over side drain, projection of 
platforms, sunshades and balconies. Those projections are not mere encroach- 
ments, Thej' further reduce the traffic way by a few feet to accommodate 
electric lines which cannot ho within an easy reach (that is as far. as I 
remember 2 foot G inches) from any part of a building. The Electric Supply 
Company, being n business concern, find the lino of least expense for their 
transmission linos. Tliey submit a plan whicli is approved by the Municipal 
authorities. Wliila approving such plans if proper care is not taken the 
transmission line posts become obstructions at junctions wliich cannot be 
easily shifted afterwards. Not only The Eiecti'io Supply Company, but 
others also, oven the Pul)lic Works Department take advantage of the slack- 
ness of the Municipal authorities and get their respective ends fulfilled without 
considering how the town and the town people are going to bo affected. I 
may bo excused to mention an inslanoo in which the Public Works Depart- 
ment wanted to divert n deep ^lunicipat drain to the edge of a busy narrow 
road in order to utilise a newly acquired piece of land located between the drain 
and the I'oad, as a part of ti)o compound of a school on the other side of the 
drain. As per the first proposal, the six feet deep drain was coming to the 
edge of the road which was-14 feet wide. With groat difficulty the approved 
plan was modified and the Public Works Dopartnienb loft a strip of land 
G foot wide between the Municipal road and the proposed diversion. 



that if he in not very particular nbont his duties and is yielding to the will of 
the Municipal Authorities who arc the influential people of the town, owners 
of urban land and buildings, it is Arery difficult to carry on any improvement 
or to chock congestion and insanitation. 

In accordance with the Alunicipal Act and By-laws, no new structures 
can bo erected, old structures remodelled, and new roads laid, without the 
written approval of the Municipal Authorities. If the mind to improve is 
there, .much can be done, step by step, as a part of the future town-planning. 
43ut fis any improvement, at first, scorns to afieot the intorosts of tlie people 



in power, though the idea of improvement ma 3 ' be there in the mind of the 
Engineer, he cannot do much in that direction. The pity is that there .is no 
Governmental' control on these matters either through the agency of the 
Public Works Department or the Public Health Department. The Director 
of Public 'Health holds annual inspection and, generallj', gives his remarks on 
the medical branch of the Municipalitj*. Kavelj' does anj' ofiicer suggest 
further development of a growing town. In consequence, old part of the 
town gets more and more congested and an 3 'body wishing to go out of ' the 
town disturbances has to build a house on a newly acquired piece of land 
-with no roads or means of drainage. Municipality goes on permitting struc* 
tures one by one without any definite plan in view. One case 1 W’oiild like to 
mention, and that is, up to 1936 a portion of the South-Eastern part of 
Cuttack was subjected to stagnation of water during floods. On sliifting the 
sluice of the main drainage to 7 miles below', the side lauds are now properly 
drained, and the town is extending in that direction. In 1936, I anticipated 
this and proposed that a proper survey be made and the line of roads and 
drainage, etc. be laid on a plan which will be the guide for town-planning. It 
was also suggested that the existing buildings and tanks of the old town be 
shown on the plan with improvements proposed to be effected in future, and as 
soon as an old building is dismantled the new one w'ill be constructed to 6t the 
future improvements. But due to financial diificult 3 ' the in'oposals could not 
mature. Cost of the waste land on the side of drain was Bs. 100/- per acre 
in 1936. The price has gone up to Es. 1000/- per acre and there is a chance 
of further rise. I find buildings are being constructed without any plan of 
roads and drainage We cannot expect any improvement if such things 
continue. 

As suggested by the author, at page 16 (m/, if the Hoad Fund finances 
the restriction of Bibbon Development, the condition ma 3 '’ improve. Further, 
I would suggest that tow'n-planning should be under the control of the 
Chief Engineer of the Province who will hold regular inspections and examine 
the developments and suggest further extensions. The Municipality, before 
contemplating to increase their residential area, should prepai'e a plan of the 
proposed lines of roads and residential blocks, and submit it to the Chief 
Engineer for examination and approval. 1 1 is necessary that regulation be 
laid down by this Congress for tow'n roads, and means devised to see that 
they' are carried out. 

Mr. Syed Arifuddin (Hyderahad-Deccan) : — In connection with corner 
visibilit 3 ', ^Ir. Trollip has dealt with a case of 4 roads only where the angle 
is a right angle. The junction of 3, 5 and 6 roads, and the safest wa 3 's of 
controlling the traffic at these junctions, also need consideration. The face 
of the junction of greater number of roads than 6 is a rare one. At such 
junctions there are points of divergence, convergence and intersection of 
traffic. There are as many points of divergence and points of convergence 
as the number of roads at the junction ; but the points of intersection or 
collision increase enormousl 3 ' with the increase in the number of roads. To 
determine the number of collision points I have derived the following formula. 
If n be the number of roads at the junction and Y the points of intersection. 

Y = n[l(n-2)+2{n-3)+3(n-4)+4(n-5) + 5(n-6)+€(n-7) 
+7(n — 8)+8(n — 9)+9(n — 10) etc. etc.] 
to (n — 2) terms 

Ifn=10,Y = 10(lx8+2x7+3X6+4X5i'5x4+6X3+7x2+8J<l) 

*= 1200 . 
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Tho uumboi' ot poiniis of collision ai; fcho junction of several roads as 
worked out by the above formula, which can be cliecked by drawing the 
lines, if desired, are given below : — 

No. of roads. No. of points of collision. 


3 

i 

5 

6 

7 

8 
3 

10 


3 

16 

50 

120 

235 

as 

756 

1200 


It will be evident how enormously the chances of collision increase with 
slight increase in the number of roads. It is for this reason that gyroscopic 
movement of traiVic is now enforced at junctions with tho restriction of 
speed. On hast traOic highways where such restriction is not considei’ed advis- 
able, crossings are provided above or below tho higinvays’ so that the high- 
way trn£Qc is not interfered with on any way. For such highways, there 
are two lines of trnflic each way for automohilcs, one of it being for over- 
taking the cars in front at some places there arc oltogcthcr 3 lines of traiFic, 
tho middle one boiiVg for tho purpose of ovortalcing. Tho lalor is not so safe 
as tho former. 


Whore tho circular movement of Irailic is enforced, it is essential to 
have a circular obstruction in tho middlo as is often done uow-a-dnys. Tho 
diameter of tho circle depends on the permissible speed, tlie number of 
roads, tho width of tho roads, and also tlio radii of tho curves at the 
cornors. 


There arc two ways of dotennining the diameter of the ciiclo I'ho figure 1, 
page 20 (m), oxplains one inotliod and tho figure 2, page 27 fm), the other 
method. In tho first method, points of colliFion aro not completely avoided ; 
they will be reduced to tho miinbor of roads which is a groat point. For ins- 
tance in tho case of 1 roads they will bo i-edneod from 16 to 4, and in tho case 
of 10 roads from 1200 to 10. In the later case, they are completely avoided. 

I would tliorofoi'o recommend that these points may also be included 
in the Draft Code and suitable recommendations may bo incorporated in it 
for the following dimensions; — 

1. Dimensions of tho circle in relation to tho width of the road — 
minimum and maximum. 

2. Radius of tho curves at the oornors — minimum and maximum, 

3. ^ilaximum speed at crossings where suitable circles are formed and 
where they are not. 

Length of the adjacent sides of the Triangle of Yisibility for 
diiforont included angles. 
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Mr. S. Bashiram (Fanjab) : — I rise to emphasize that the importance 
of Mr, Trollip's Paper is not so very remote as some may be inclined to 
imagine. Things in this direction in the Punjab are getting very serious 
indeed, and we find that this sort of Ribbon Development is proceeding 
apace along existing roads, not only in the neighbourhood of large towns 
but also along small road-side villages which, later on, develop into big Inisiees. 
Owners of properties abutting on the road-land build just a few shops, etc. 
'and, thereafter, use one-third or more of the roadland as their private 
property for stacking their material and merchandise. Sometimes they 
use this land as their private preserve for sitting out and even planting a 
shrubbery garden. Por example, to give you a specific instance, we have, 
the case of a town in Ludhiana District. Our roadland there is 200 feet 
wide, 100 feet on each side of the centre line. Conditions there have 
become so dangerous that there is a constant danger of accidents. The 
roadland immediately in front of the shops and to a depth of 60 to GO 
feet * is absolutely covered over with stacks of grain and then comes another 
depth of 30 to 40 feet full of bullock-carts which bring the grain to this 
market. Hawkers squat on the balance of tlie road width including 
the berms. 

It is absolutely essential, therefore, that some sort of building line be 
fixed and such a line should be at a reasonable distance from the boundary 
Ilf the roadland. If the above mischief is to be avoided, there must bo some 
unbuilt area betw'een the road boundary and the building line. 

The question arises as to what is a highway ? The highway law in 
India is in a very chaotic condition. On reference being made to the Legal 
Remembrancer in the Punjab it was opined that property owners along a 
road have got unrestricted right of approach to all parts of their property 
from all parts of the highway. It may thus bo argued that the construction 
of oven a petrol pump on the roadland is an obstruction of such a right and 
is, tlierefore, illegal. 

Rai Sahib Fateh^Chand (United Frovinces) : According to the hluni- 
cipal Act, it is illegal. 

Mr. S. Bashiram (Punjab) ; — It is absolutely essential, therefore, that 
some very early moans must bo found to check this nuisance and it is very 
desirable that any action taken should, if possible, be on all India lines. 

Mr. K. G. Mitchell (Government of India) : — I think we ought to be 
grateful to Mr. TroUip for introducing this subject to us. Ribbon Develop- 
ment is going to be a great problem. I would only say one thing. 
Mr. Boshiram said that the matter should be tackled urgently and as an 
all-India question and not a Provincial one. Of course, as you know, if any 
legielation is required, it must under the Constitution be Provincial 
legislation. Roads are subject to Provincial legislation and, therefore, this 
Congress can only make recommendations. It must be for the Provinces 
themselves to legislate. 

Mr. R. A. Fitzherbert (Bombay) ; — On page 2 (m) of this paper, below 
paragraph 4, the question of control of road territory and Ribbon Develop- 
ment is mentioned. This development cannot really be much controlled 
until we have the necessary legislation, but meanwhile we can adopt various 
remedies to restrict development. 
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One of the problems we are up against as regards control of Eibbon 
Development in the Bombay Presidency, and, I believe, in the Punjab, is 
the question of road boundaries, and it is very necessary that Governments 
should take up this question seriously and without delay. As things are now, 
when the question of a road boundary crops up, we go to the Revenue 
Authorities and say "Here is our boundary” and the private land owners 
concerned say " No, this is the boundary”, and then the Public Works 
Department says ‘‘That houndai-y stone was moved three years ago” and 
so.ont 


It seems to me very important to impress on Governments, so far as 
we can, the necessity for early revision of all road boundaries, 

Another item of control is as i-egards advertising. Bombay itself has 
some bad examples of the lack of control in this matter. 

You will see enormous advertisement signs such' as "Players Please” 
and large posters close to small road' direction signs which are hardly 
noticeable. 

A third item where control is needed is in the location of petrol 
stations. 

It maj' be a hardship for the Petrol Company to be obliged to purchase 
or lease more land than they need, but if a petrol pump is located at or pear 
a corner, I always stipulate that the pump must be at a distance one and a 
half times the length of a motor lorry from the corner. This is to avoid 
congestion of traffic. 

Something of this sort is necessaiy if Ribbon Development is to be 
checked. " 

Then there is another wa 3 ' in which control can be exercised. 

In the Bombay Presidency', Revenue Commissioners can forbid all 
buildings along extra-municipal roads within 10 feet of the road boundary. 
I do not know if this is the case in other 'Provinces. 

Again I would say that the question of road boundaries is of very great 
importance. 

Mr. R. Trevor-Jones (Punjab) ; — On page 11 (m) of Mr. Trollip’s paper 
it is stated “Highway Authorities let consequence after consequence take 
them by surprise, and then tried their remedies belatedly.” 

We may ask ourselves why'? One of the main reasons, as far as we 
are concerned in the Punjab, is that we have no legislation at all except the 
local Motor Vehicles Act. I believe certain Provinces have Highway Acts, 
but I do not know how many. • (A voice "Mysore is one"). I do not know 
whether it would be possible for this body to state authoritatively that it is 
very necessary that each Province should have its own Highway Act. This 
is realised locally to some extent, for not long- ago, the Public Works 
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answer was in the negative. 

Lt Col H C. Smith (Bombay) :-iao not feel confident to ^ 
appear in the Proceedings. 


COBRESP01<DKNOE. _ 

Reply received by post from Mr. A. S. Trollip (Author) to the 
disonssions on Paper No. M; — 

I am glad to observe that Jill the Engineers who so Icindly look 
part in the discussion agree witli the need for conlrolUng Ribbon Dove op- 
raent. It is a very urgent subject and is one which some local organisation 
in every Province should make thoii* pet hobby to hammer at, Since 
reading this Paper, the Bonibny Joint Town Planning Cominilicc have 
formulated a programme and will bo raising tliis question in the Bombay 
Legislative .Assembly. In the meantime moans arc being taken to propnic 
propaganda against Ribbon Dovclopracnt, 

Government have powers under Section dS of the Land Revenue 
Code to prevent the transfer of land from agricultural to non-ngricullurnl 
use. If Goveruinent issue orders to Collectors and Ollicors concerned to 
jirevent this, Ribbon Devolopmont could quite easily be stopped. Thoro is 
no reason why people sliould bo componsnted for restrictions placed on 
thoir land, since they have already been adequaluly paid for llic wldlli of 
terrain on which the road is accommodated. 


In reply to Mr. Syod Arifiiddin's proposals, tho formula which ho 
suggests can be condensed into tho following himplc form : 

= (n-2). 

Although the formula is mathomaticnlly correel, in practice such enormous 
number of collisions would ^ not occur. Of course, tho vehicles aro not 
points, as assumed, .As this question relates to the design of junctions 
1 do not propose to deal any further with it. ’ 

Mr. 1 itzherberb has raised tho question of control of advertising and 
the need for care in tho location of petrol stations. Tho Joint Town 
Planning Committee of Bomhay. of which I have the honour to ho 
Chairman, have investigated both these questions and have drafted out 

^ commitloo intend bringing thoso questions to the 
notice of Government as soon ns they can. 

fo i. 4“ciX’oi t:S rs 

r;e7lVurbye-“ to,v„ 


Kot. :_For comm.,,1. .1 JW,. 0. U. N, o.. tl,i, |,„„.7 

kindly j-oter lo thoin-espeolivo oonlnieiita on paper K(I1). 
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LAY OUT OF HOADS 
By 

K. Tbevor Jones, M.C., M. Inst. G.E., I.S.E., 
Suporinfcending Engineer, P.W.D., Punjab. 


Introduction . — This Paper has been compiled as a draft Chapter on 
" Layout of Roads” to be included in the pioposcd "Code of Practice for 
Roads” to be issued by the Indian Roads Congress. 

Authorities for the standards proposed and the statements recorded nic 
given as far as possible. An acknowledgment is parlicxdarly due to Lt. Col. 
W. B. Whishaw, O.D.E., M.C., R.E., for the use of certam material collected 
by him recently for a similar contribution. 



1 . Tragic StO'i/'ci/s.— An invostigation of ttaffie conditions should bo con- 
sidered a necessary preliminary to the improvement or diversion of an exist- 
ing road. Information should bo obtained as to the volume and direction of 
the main traffic flows, the points of congostion and the cause thereof, the 
incidence of standing vehicles and development and industrial growth at the 
terminal points. 

Such a survey should deni with a definite area vatlier than an individual 
road or junotion within that area. Any restrictions placed upon the traffic 
using a particular road are likely to have an influence on tlio traffic con- 
ditions on other roads in the immediate vicinity. (1). 

The method of compiling statistics will be .-is authorised in the forms 
already published by the Indian Hoads Congress for Lr.tflic census. 

2. Public Sd/ely . — Public safety is of oxtreme importance in design of roads 
and has peculiar difficulties and problems for India in view of the diverse types 
of traffic using the highways. Segregation of fast and slow traffic, facilities 
for the passage of animals, pedestrians, prevention of encroachments and 
obstructions, should bo given careful consideration and forethought. Many of 
the causes of accidents are duo to unsatisfactory or inadequate legislation as 
regards highways and are therefore outside the control of the road engineer. 
But his layoixt should envisage future improvement and an easy realisation of 
improved traffic control when it can be attained as the result of public 
opinion, financial facilities or direct legislation. 

In so far as existing road conditions are a contributory factor in the causa- 
tion of accidents, their iinprovomont demands a close study of the inoidenco 
of the latter. It is therefore recommended that map records of accidents, 
should bo prepared and maintained by the Highway Authority in cooperation 
with the police. A detailed examination of these maps should be made at 
frequent intervals with a view to determining the points on the highway 
system at which accidents most frequently occur and by analysis. to ascertain 
the remedial measures most likely to prove effective in their diminution. (1). 

3. Amenities . — In studying alignments of roads, the effect upon ameni- 
ties should not he lost sight of. The verges and the slopes of cuttings and em- 
bankments should he soiled and seeded or, in appropriate cases, turfed or 
planted with suitable shrubs. The treatment of these features should conform 
to the natural characteristics of the district and be made to harmonise so far 
as possible with the landscape. Grass verges should be adequately drained 
and kept clear of plant, bitumen drums, tar barrels, debris from the clearing 
of channels and waste material arising from the operation of road maintenance, 
Transverse grips or channels should be avoided as much as possible and efforts 
made to maintain the vei'ges as tracks for horsemen, whore this provision is 
necessary, (l). 

4. Acquisition of Land . — When acquiring land foi new roads or road 
widening, the opportunity of obtaining some return for expenditure on road 
works from owners whose lands are likely to be benefitted b 3 ' the work should 
not be over-looked, (l) 

The necessity of acquisition of land earlier than its immediate requirement 
is frequently of importance. This is particularly the case in dealing with old 
roads which are being developed to meet modern conditions and traffic and 
where the problem of suitable by -passes arises. It will be generally pruden 
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and economical to obtain possession of ov an option on tlie land .as soon as 
the alignment is fixed ; otherwise public safety and improved conditions may 
not bo possible of attainment through prohibitive acquisition expenditure. 

5. Layout, Alignments and Grades in General. — The alignment standard in 
rough country is most important in affecting cost of grading. Tlie cost 
increases rapidly with increase in radii of curves and the longest radius should 
bo consistent with the justifiable expenditure and service to bo rendered. 
Expensive fills should be avoided without making alignment too crooked. 
A erookod alignment should not bo used to reduce grades below the maximum 
accepted for the project. Curves adjacent to bridges should be avoided and 
tangents used at least for a short distance on each side of the bridge. The 
lowest cost profile can bo obtained by the use of tho "rolling grade”. It is 
also pleasing in appearance if not carried to extremes, but safe sight distance 
must not bo sacrificed. Tho top or weathered zone in man^' soil types is more 
suitable than certain of tho imweathoi*ed zones, and sub-grades close to tho 
original ground surface are likely to be more suitable than those in deep cuts 
and fills. Bolling grades when cuts are shallow, permit the use of such soils 
ns sub-grades. Mistakes to be avoided are : — 

(1) Excessive 1 ‘eduction of intermediate grade, 

(2) Extra expense to get long straight grades, 

(3) Too few re-locations to secure I’easonable maximum grades. 

In mountain road location it may be economical to use short stretches of 
grade steeper than the long ruling grade, thus avoiding expense and dangerous 
alignment. Any excessive grade should bo so compensated ov so located as 
to permit its future reduction ; for example, a 9 or 10 per cent grade may be 
used for a short distance to reduce tho cost of initial construction w'here 
higher standards are later contemplated. Allow'anco in grade should be such 
that on tlie rooonstructod location the maximum will not exceed 7 per cent. 

6. Standard Hoad Layouts — Land Jicquired. — In designing and laying 
out new roads, the width of land to bo acquired is of tho utmost importance. 
Experience has shown repeatedly the exti'oino folly of not adopting certain 
miutmum standard "right-of-way” widths, evon if not required immediately 
or in the near future. 

The minimum standard widths of roads should bo : — 

Class I ... ''150 feet to 100 feet. 

, Class II ... 100 feet. 

Classes III & IV ... 80 feet. 

(®The maximinn width should bo insisted on ^yllen new trunk roads 
ai'o laid out or where trnflio conditions will obviously demand n 4-lnno 
carriageway), 

7. Carriageway Widths,' — The 10 foot trafiic lane for each line of rolling 
load traffic has been adopted by the Ministry of Transport and by the Indian 
Boads Congress Bridge Specifications. 

The minimum width of metalled carriageway should be — 

Class I Trunk Bead or Urban ... 20 feet. 

Class I Bural ... ... 10 „ 

Classes II, III IV ... ... 10 ' 



In addition to those standards, additional widening will bo dictated by 
tvaOic conditions. 

No data or statistics aro available, but it is rocommondod that any road 
carrying 2000 vehicles per diem, must bo furnished with a minimum metalled 
surface of 20 feet. 


In computing the number of vehicles, tho effect and porrornmneo of the 
various types should be talccn into consideration. 


Assuming motor cars travel five times the average distance or fire times 
the average speed of hulloclc carts per day, then one motor car causes the 
same obstruction to bullock carts as would be caused by 5 bullock carts ; and 
alternatively, one bullock cart causes S times the obstruction of one motor 
car to motor cars. Therefore, if a road is primarily intended for motor cars, 
each bulled: cart should count as 5 motor cars, and if the road is primarily 
intended for bullock carts, each motor ear should count as 5 bullock carts for 
the purpose of determining the appropriate width. 

8, Hadii of Curves , — 

Minimum radii of curves in plain roads 1000 feet (5 degrees curves'. 

Do. do. hill roads 50 feet (115 degrees eurves). (2) 


9. Widening of Carriageway, — (Formation). 

If X=the extra width required on curves, 
and B=the radius of curve, 

(25)* 

then X= 2*3 foot being the average wheel base of motor vehicle.'''’ 
2x1 

The following table gives tho required widening on curves of different 
radii for a unit width of road which may be assumed as 10 feet ; — 


Badius of curve 
in feet. 

Becomiiicnded 
widening in feet. 

Badius of curve 
in feet. 

Becommended 
widening in feet. 

50 

12.50 

550 


100 

6.25 



150 

4.25 

650 


200 

3.00 



250 

2.50 

750 

0.75 

300 

2.00 


0.75 

350 

1.75 

850 

0.76 

400 

1.60 

900 

0.75 

450 

1.50 

950 

0.75 

500 

1.25 


0.50 


'["Principles of Boad Engineering' 
C. A, Sort, page 31S.] 


by Messrs. H. J, Collins and 
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Eadiits in feet. 

Snpci'-elevidton. 

1 in 12 maximum. 

Under 500 

500 

1 in 30 

(JOO 

1 in IS 

700 

1 in 20 

800 

3 in 21a 

900 

3 in 23 

1000 

1 in 2-i 

1200 

1 in 20 

l‘i00 

1 in 2S 

IGOO 

3 in .30 

1 in 3li 

1800 

2000 

1 in 33 

25C0 

1 in 35 

3000 

3 in 3G 

8500 

1 in 37 

4000 

3 in 38 

4500 

1 in 39 

5000 

3 in JO 

Over .5000 

J in .10 to I in 4.8 
according fo the nature 

, 

of thn surface material. 


Adverse camber shovvld bo clinnnnl<'d before Use cornincncemcnt of the 
transition curve; super-oiovatiou sbould conmicuco ot llie laof’enl point and 
attain its maximum wlion tbo circtibir curve, if any, is reaebeii. (l) 

It is recognised Uiat in built-up areas tlio degree of Rupev-olovation is 
governed bj' varying factors and Lhoreforo eacli case must bo conGidoven on its 
merits, (l) 

11. Gradients . — Huliug gradients should bo : — 

Plains ... 1 in 30. 

Hill Pioads ... ... 1 in 20. 


Maismum gradient 1 in 15 in stretches not exceeding 300 feet The 
gradient at curves should not exceed 1 in 30 and should be Ihat at hairnin 
bends. \2) * 


All changes of givadionts should bo efTcolod by vortical curves. 


12, Visibility at Vertical Cyrves.—ln the easo of vertical curves the 
maximum gradient should bo 1 in 30 not used over a' lioriaonlal disfanm 
exceeding 200 feet and the rate of chnngo of giadient should not exceed 1 in 



100 per himdretl feet measured horizontally and the summit of tlio curve 
should be made horizontal for a distance of 100 feet. A sigiit distance of 
about 550 feet will bo thus automatically provided, (2) 

13. Visibility at Horizontal Curves, — In the case of horizontal curves, 
the same minimum limit of visibility, 500 feet between approaching vehicles, 
should apply, and whore this is unattainable, definition of traffic lanes is 
essential. Adequate visibility on curves on existing roads should be secured 
by increasing width of the inner verge or Iho removal of the slope on the 
inside of the curvo when the road is in cutting. In planting verges and 
slopes on the inner side of a curvo, trees, shrubs, etc., which at maturity may 
obstruct tho view of drivers, should bo avoided, (l) 

14. Tvajffic Laiios. — The division of tho carriageway into* traffic lanes 
assists in the orderly movement of traffic and tends to promote greater eafet 3 ’ 
on the highway’. Lanes should not be less than 10 feet in width and the 
divisions between them should be marked by white or. yellow lines or n 
combination of both, (l) 

Stainless steel or rubber studs are more permanent than painted white 
lines, but are expensive in outlay*. Carefully made setts or stone studs may 
be employed on hill roads with sharp curves, embedded into the road surface. 
The longitudinal joints of a concrete candngeway' may with advantage bo so 
arranged as to Indicate traQic lanes. 

When it is necessary to define traffic lanes at curves, tho marking should 
extend 100 feet in each direction bo^'ond tho tangent point. The allowance 
for horizontal sighting should bo greater on 3 lone roads than on 2 or 4. . 

16. Gamher. — Excessive camber tends to tho uneconomic use of the 
highway, induces drivers to keep near the crown of the road and may be a 
source of danger. A cross fall which is excessive for tho material in use 
increases the tendency to skidding. For pure water bound macadam, a steep 
oamber is essential in order to drain ■water away quickly and it is not 
unusual to find cambers of as much ns 1 in 30. ' But with a waterproof 
surface this urgency disappears and all initial surfacing work should therefore 
include tho elimination of excessive camber. The following table gives 


suitable camber for various types of material : — 


Type of surface. 

Camber. 

Water bound macadam. 

... 1 in 30 

Tar Macadam and Bituminous Macadam 1 
Asphaltic surfacing (concrete foundation) J 

... 1 in 48 to 1 in 60 

Concrete 

... 1 in 60 to 1 in 70 

Granite setts 

... 1 in 40 

Wood Blocks 

... 1 in 50 

Cast iron paving 

... 1 in 90 to 1 in 100. 

Super-elevation and local conditions may necessitate a departure from 
these cross falls. {Adopted from Table 5ii, Tape 304 of "JPrmcipals of Road 
Engineering” by Messrs. E. J. Collins and C. A. Harts.) 



16. Drainage . — Boad drainage is of the utmost importance. The follow- 
ing conditions should be observed in layout : — 

(i) Offtake and outlet ditches to be of sufficient size, depth, and fall to 

carry away all water quickly from the road bed . 

(ii) Provide ditches of ample size, width, depth, and fail sufficient to carry 

away- quickly water collected in them to the drainage structures or 
outlet ditch and at the same time ensure sufficient depth to keep 
the water level well below the sub-grade. 

(iii) Wake all drainage structures crossing the road bed of sufficient size 
to permit free flow of water through them without retarding volume. 

(iv) Sufficient crown or camber should be provided to run off water into 

side ditches without erosion of surface or discomfort to traffic. 

(v) All springs and underground sources of water must be tapped and 

water led off by sub drains. 

This particularly applies to the road ditches on the upper side of a road 
bed built on a hill side. 


Where natural drainage is towards the road from the side, it is good 
practice to construct a wide ditch or ditches paralleling the road and outside 
the limits of the roadway to intercept the surface water and carry it to a 
proper outlet. This ditch or ditches should be in addition to the regular 
roadside ditch. (See also paragraph 18 below ‘Boundaries of Hoad’). 

• i. Wherever possible verges should bo 

interposed between paved areas, they should be of ample width, 6 feet being 
regarded as the minimum. (1) 


Side tracks on land which is nob immediately required for paved or ma- 
cadamised road and which function as footpaths, or animal tracks should bo 

of sUs, 

the'^r Ss^o.Toa o'f « hot from 

bonndariei io tKeiw 

rordy a Unanoinl poBsibility to pSTfaS i= 

pillars of a permanent nature at^uitable interval 

rural areas, the boundaries mav he i " ^ established. In 

dyke which can be suitably' desienpd fr. ^ demarcated by a drain or 
(See also paragraph 16 "Drainage''). Burface oi- storm water. 

tBe 

on hillsides need protection at thebmits oTt^e aff e^ge 

in some instances this may be proS hi f highway • 

or guard posts of tar barrels, Lther^^ or stone S 
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The fencing in of large areas for arhoricuHurnl purposes within the effcclivo 
width of the highway, is to bo doprcciifen ns it foriu*,- obstruction to move- 
ment and imssngo of the public and tends to congrggnto nil Iraftic on a con- 
tinod space. 

19. Vai liuo Phees.—TUo parking of vehicles on the highways should bo 
discoufiigcd and provision made on Innd which does not form part of the high- 
way. In designing !iow roads, the provision of sucli areas for the parking of 
buses and lorries should not bo ignored as well as provision made for omnibus 
stopping places off the main carriagowny. 

20. Service or Side l!oads.~Tho provision and upkecj) of side roads 
should bo considered a fundamental feature of road design and maintenance. 
At tbo outset such tracks will ho rarely inctallcd pr biidgcd or drained. J3nt 
if they arc kept clear of ohstnicl ion and maintained ns n level and shady 
trackway, they will form the habitual roadway for many typos of IrniTic, c.g., 
pedestrians, animals, horsemen, etc. In urban areas and heavily traflicked 
sections, such tracks will eventually be found invaluable for segregation of 
traffic whoro and when additionnl paved lanes or metalled widening becomes 
necessary. 

Special “Service’’ roads witli arrangement to c-Kcludo bullock cart traffic 
may bo used on umnolallcd roads for liglit motor vehicles. 

21. Juiiclionn and ''Jioiindai>outs''. — (i) Now Roads. Tlio aim of design 
in the l.ayont of road junctions should !)o to reduce tbo pos.'iibility of accidents 
to a minimum and to avoid delay and congestion. Tbo anticipated extent 
and charaolor of tbo Ir'affio will lai'goly determine the type of layout to be 
adopted, but physical conditions and the extent of land available are also 
factors to bo taken into account. It is recognised that the ideal form of road 
intersection is one at which tlio two trnllic routes cross one another at 
different levels. Wherever the future traffic needs may justify such measures, 
consideration should bo given to the i>rescrvation of sufficient land for the 
subsequent construction of bridges and their approaches, 

The following main principles should be borne in mind in designing road 
junctions : — 

(1) The number of intersections or road junctions on main traffic routes 
> should bo reduced to a minimum and spaced not less than 44.0 

yards apart. 

(2) Road junctions in excess of four ways should be avoided except 
whore there is ample space for a suitable "roundabout.” 

(3) All subsidiary roads sliould join main traOic routes as nearly as pos- 

sible at right angles. Acute angled junctions are to bo deprecated. 

(4) At three-way intersections of important roads to bo treated on the 

“roundabout” principle, the roads should as far as possible, meet 
at equal angles. 

(6) Where a minor road crosses a major road constructed with a single 
carriageway, the minor road should be staggered preferably to the 
^ left, and space provided at its junctions so that drivers can obtain 

the maximum vision before emerging into the major road Where 
dual carriageways are provided, or intended, staggering is nnneoes- 
sary if the minor road crosses the main traffic route at right angles. 



but in the case of an oblique crossing staggering will result from the 
adoption of recommendation (3) above. 

(6) At crossing of two or more major roads ample space should be 
provided for a "roundabout”. 

(7) At every road junction, the requirements of pedestrian and all other 

types of traffic should be studied and as far as practicable suitable 
provision made for them. 

The "roundabout” which provides for continuous movement has the 
advantage of dealing with a greater volume of vehicular traffic than one whei'o 
traffic is operated on the “Stop” and "Go” pi-inciple. In deciding the manner 
in which control is to bo applied, the following principles are suggested for 
consideration : — 

(a) In built-up areas and in special situations where the expenditure 
involved in the construction of a "roundabout” may be excessive, 
due regard must bo bad to finanoial considerations in deciding upon 
the system to bo adopted. 

(l>) 1i^M^ere a road of major ti'affio importance is intersected by a road 
carrying a sufficient volume of traffic to require control, and the 
volume of pedestrian traffie is, or is likely to become considerable, 
preference should ho given to traffic signals. 

(c) At junctions where an installation of traffic signals ^YOuld seriously 

interfere w'ith the fluidity of traifio, and particularly whore there is 
a largo volume of traffic making a right-hand turn, a “roundabout” 
is preferable, provided adequate weaving space is available. 

(d) "Where provision for fluidity of traffic as referred to in (c), may even- 

tually become necessary, traflic signals may be installed in tlje first 
instance but land should bo acquired or reserved to provide for a 
"roundabout”. 

In the interest of safety, pedos'trinns should bo discouraged from using the 
central island of “roundabouts" as refuges. 

To screen the glare of on-coming headlights, the surface of the central 
island should be eloped to a height of 4 feet at the centre or planted with 
shrubs. 

In towns where there is heavy pedestrian traffic, guard-rails should be 
placed adjacent to the kerbs with openings at pedestrian crossings. Where 
similar precaution is necessary in rural surroundings, the object may he more 
appropriately achieved by the planting of hedges which should be maintained 
at a height not exceeding 3 feet, 

(ii) Improvement of Existing Junctions. — In the improvement of existing 
road junctions whore traffic is considerable and suffioient space is available, a 
modified form of "roundabout” or central island may be introduced with 
advantage. The diameter of the central island should be as large as possible 
consistent with the space which may be available, and, in any case, should be 
sufficient to ensure easy and safe negotiation by the larger commercial and 
public service vehioles. 



Exiierience has shown that large areas of pared carriageway with wide 
sweeping kerb lines encourage speed at I’oad junctions and may be a source of 
danger to both vehicular and pedestrian traflic. Wliore there is insufficient 
room for a “roundabout” much can he done to improve traffic conditions at 
existing junctions by the judicious pi’ovision of refuges and re-alignment of the 
kerbs, the chief object in this case being to bring intersections between traffic 
streams to riglit angles as nearly as possible and to prevent turning traffic from 
taking the corners at liigh speeds. (1) 

About 80 feet is the minimum diameter of the central island. 

22. Befuges. — Eetuges, if cai-efully sited, provide a valuable means of 
guiding the movement of vehicles at the satne time increasing the safety of 
pedestrians when crossing the carriageway. It is desirable to leave a space 
or spaces across the refuge in the direction of the pedestrian crossing, level 
with the cai’riageway. The distance between the edge of the refuge and 
the kerb on the near side should not be less than 20 feet. Sefugos at 
junctions should be so sited that the inside wheels of turning traffic arc not 
forced to describe arcs of less than 30 feet radius. 

All such refuges with their bollards or guard' posts should bo adequately 
illuminated. For the sake of uniformity and to avoid confusion with the 
tail lights of A'ehicles and other lights, it is important that such illumination 
should be white in colour. The overall height of the posts should be not 
less than 4 feet above road level. 

The sign “KEEP LEFT" in white letters upon a blue ground as prescribed 
by the regulations, may be fixed on the top of the guard post. , ( 1) 

23. Warning Signs, Sign Boards. — Danger points on roads should bo 
marked with the appropriate signal sign post placed at a distance of one 
furlong away and nob less than 400 feet from the point of danger (2) 

Signs and notice boards should not be allowed to fall into disrepair — those 
which are redundant should be promptly removed, (11 

24. Siting of Underground Mains and Services. — On all now roads, for 
the purpose of preventing interference with the carriageway, adequate verge 
accommodation should be provided for the laying of drains, underground 
mains, cables, etc., and their relative positions should be determined at the 
outset. 

For pavements of a permanent nature, such as concrete, consideration 
should be given to the desirability of duj)licating service mains and drains 
on each side of the central carriageway or on the outer sides of dual carriage- 
ways in order to avoid the subsequent breaking up of the carriageway 
foundation for service connections. "Where it is anticipated that subsequent 
developement will necessitate mains or services crossing the carriageway 
inconvenience and expense can often be reduced by laying short lengths of 
transverse mains or services before the carriageway is constructed. Boring 
machines can also be used to avoid disturbance of the eaiTiageways. The 
adequate and prompt reinstatement of trenches in carriageways is of prime 
importance. To restore as far as possible, the monolithic character of the 
concrete foundations, the exposed edges should be prepared with a bevelled 
face and cut back to at least four inches beyond the width of the trench 
before reinstatement lakes place, (l) 



25. Note on Hill Roads, —Tlio “pioneering” spirifi whicli induces motor 
veliicles to operate on hill roads which were never designed for such traffic 
has been the cause of many accidents and disasters. 

Road engineers are frequently called on by District ^fagistrates to express 
technical opinion on the safety or otherwise of sucii tracks for Mie passage 
of public vehicles. If the former insists that the standards, as laid down 
herein, must obtain before ho can give a favourable reply, a largo number of 
hill roads now habitually traversed by motor vehicles, would bo closed to 
them. 


Oil the advice of a technic vl committee, the Punjab Government have 
adopted “Safety Spccilications” which must be established before public 
motor vehicles may bo allowed to travel thereon. 


The standards are for requirements of safety only and for one tcaij IrajTic 
only : — 


SaPIJTY SrKCIFlCATlONR. 


(j) Width : — The clear width of the road in foot shall nowhere be less 
th.an the dimensions given in the following table: — 

Tabic T. — Minimum 7ct<ilh in feet. 

(1) In open country, side slope not escooding 1 in *2 ... 12 feet. 

(2) In bazars ... ... ... ... 12 „ 

(3) In steep country, side slope exceeding X in 2 with 

curvature loss tlmn 20 degrees per 100 feet ... 8 „ 

li) In steep country side slope exceeding 1 in 2 with 

curvature 20 degrees — 10 degrees (11 = 286 feet — 1-13 foot) 9 ,, 

(-5) In stoop country side slope exceeding 1 in 2 with 

curvature 10 degrees — 60 degrees (11= 113 foot— 95 feet) 10 „ 

(6) In sloop country side slope exceeding 1 in 2 with 

curvature 60 degrees — 80 degree rR = 95fect— 71 feet) 11 „ 

(7) In stoop country side slope exceeding 1 in 2 with 

curvature over 80 degrees ... ... ... 12 ,, 

(8) On bridges ... ... ... ... 8 „ 


{a) Gradients : — The gradients shall nowhere exceed the iiguros given 
in the following tablo. This shows both tho actual rise in foot in 100 feet 
and tho equivalent cotangent (tho length in foot corresponding to a rise of 
one foot). 

Table 11. — Maximum gradients 


Rise per 
100 feet. 

(1) Curvature less than 20 degrees per 100 foot 

and on the straight ... ... 20 

(2) Curvature per 100 foot 20 degrees — 40 degrees 16 


(3) Curvature per 100 feet 10 degrees — 60 degrees 

(4) Curvature per 100 feet 60 degrees — 80 degrees 
(6) Curvature per 100 feet over 80 degrees 

(6) Average over 1000 feet length 


12 

8 

4 

10 


Equivalent 
to ono in 


5.0 


6.3 


8.3 

12.0 

25 

10 


• • • 



iiii) Ourvature ; — The degree of curvature per 100 feet of length shall 
in no case exceed the figure given in the following table. The equivalent 
radius of curvature in feet is also given in column marked E ; — 


Note : — The degree of curvature refers to the angle turned through in a 
length of 100 feet and is equal to 5,730 divided by the radius of 
curvature. 


Table III. — Maximum degree of curvature. 


(1) In open country, side slope less than 1 in 2 

(2) In steep country slope from 1 in 2, to 2 in 1 

(3) In steep country slope exceeding 2 in 1 

(4) Hair pin bonds 


20 degrees 
80 „ 

Jf)0 

286 .. 


R 

286 

71 

38 

20 


The total curvature in a length of 1000 feet shall not exceed the amounts 
given in Table IV. 


Table IV. — Maximum eurvaitire in 1000 feet. 

One way trafiic. 

(1) In open country side slope less than 1 in 2 100 degrees. 

(2) In steep country slope from ^ to 2/ 1 400 „ 

(3) Do. do. exceeding 2/ 1 600 „ 

(iv} Parapet walls ; — Strong parapet walls or railings sliall be provided 
wherever the outside edge of the road is dangerous and wherever the distance 
from the outside edge to the centre of the road is less than the dimensions 
given in the following table. The centre will be measured from a point at 
least 5 feet from the inner edge of the road. 


Table V. — Minimum distance from centre in feet without parapets. 

One way traffic. 

Straights and re-entering curves and salient curves 

of less than 20 degrees ... ... ... 6 

Salient curves from 20 degrees to 40 degrees ... 7 


Do. 

40 

„ to 60 „ 

• • • 

8 

Do. 

60 

„ to 80 „ 

• • • 

9 

Do. 

over 80 

Jf ••• 

• •• 

10 


It is for the consideration of the Indian Boads Congress whether such 
specifications amended or enlarged if required, should be published in the 
“Code of Practice”. 
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DISCUSSIONS ON PAPER No. K (II). 


Mr. Trevor- Jones (Author): — The paper under discussion is largely 
based on the standards recently adopted by the Ministry' of Transport for 
the United Kingdom (Ministry of Transport, Memorandum on the Lay-out 
and Construction of 'Ronds — 1937. Printed and Published by His Majesty’s 
Stationery Office). In certain other cases I have incoi-porated standards 
recently laid down by this body and others suggested by Lt.-Col. 'W.B. 
Whishaw, O. B. E., M. G., E. E. In other cases I have proposed standards 
which have to some extent been ai'bitrarily chosen, but chosen with a 
definite view of their practibility. Eor, it seems to me no good laying 
down standards for this country which are too elaborate or too ambitious 
to bo within the realm of practicable politics. It is no good having 
standards merely Dekhne kc IFasfc. For it is obvious that if such 
standards are laid down which are merely prohibitive, no progress can 
bo mado. 

Mr. Mahapatra (Oattaok) : — There are a few points on which I would 
like to make some suggestions. 

As rog.ards drainage ( u/rfc paragraph 16 of paper) I would suggest 
that the side drains should bo kept shallow, just sufficient to drain ofT water 
in heavy rains. To prevent scours steep gradients should bo broken into 
several steps by providing grade walls. 

As regards grass-verges and tree-planting, ( vide para 17 of paper ) I 
would suggest that the avenue trees should bo planted close to the outer 
edge of the roadside land, at a distance of at least 20 feet from the metal 
edge, or 6 feet from the edge of the side drain, whichever bo farther from 
the centre of the road, and at an interval of 60 feet along the road. 

As regards the boundaries of road fencing ( vide para 18 of paper ) I 
would suggest that a road should bo demarcated on both sides by boundary 
pillar's fixed against each furlong stone in straight portions and in curves at 
200 feet apart or closer* 

Rai Sahib Fateh Chand (United Provinces) ; — Lay-out of roads is a 
matter of groat importance, for the cost of construction and maintenance 
and convenience of the traOlc may depend a great deal on the proper* lay-out. 

As regards traffic surveys the hours at which thei'e is extraordinarily 
heavy traffic should be noted as also the nature of the traffic. 

As regards grades, it is bettor to give the proper gradient before the 
road is metalled. This avoids a lot of unnecessary expenditure and disloca- 
tion of traffic later on. 

Regarding ‘Standard Road-Width’ I suggest that while sufficient 
width of road-land should bo acquired, it is no use acquiring land in excess 
of the requirements, for, besides causing loss of land to the cultivator, the 
extra portion usually gets full of thorny bushes and unwanted shrubs w'hicb 
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often hocomo the .bomo of wild Miimals and it means so much of extra labour 
in taking earth for the road. 

It is often necoBsary fo reduce the road widths (o the minimum in 
certain localities. The minimum standard road widtli should, therefore, 
also bo specified. I think 80 feet minimum width for class II and 60 feet 
for class III and IV may ho adopted. 

As regards the 'Standard Width’, I would like to observe that in the 
United Provinces the minimum width of molnllcd portion is 9 feet only in- 
stead of 10. The Hon’hlo Minister of Communications, United Provinces 
wanted to know if an 8 feet road will not bo sufficient to ousure speedy 
progress. Wo actually saw’ 8 feet wide Public Works Department roads in 
Bengal* The old-time roads as well as now ones in United Provinces are 
being made 12 feet wide* It is very necessary that the oconomio minimum 
of road widtli should bo standardised, which will bo such as will allow* the 
middle portion of the motallod portion to bo made use of by the traffic* 
Mr* Walker or Air. ^rukorjoo might perhaps fclirow .some light on the point 
as to why tho Public Works Department in the United Provinces, is in all 
eases, without exception, still increasing the width of its 9 feet roads to 12 feet 
instead of 10 foot as rocomnioiidcd by tho Indian Poads Congrees for a single 
lane of traffic. It bocoraos very difficult for an average District Engineer to 
decide what width to give under such circumstances. 

• As regards tho 'Gradients', I think that a gradient of 1 in 30 is too 
much for plains. A gradient of 1 in 50 may not bo difficult to achiovo 
W'ithout much initial expenditure. This should bo done atlonst for tho first 
and second class roads. 

Regarding 'Camber' I would like to suggest that instead of tho camber 
being fixed at 1 in 30, it should vary from 1 in 30 to 1 in 48, depending upon 
the amount of rainfall and other local conditions. In tho United Provinces, 
the Public Works Department has laid down 1 in 48 as the camber for 
wator-bound macadam w’hile in Bengal we sasY tho cambor of 1 in 30 on 
painted roads as well. 

Standardisation of all those by tho Indian Roads Congress will bo of 
great help to District Engineers and others as well. 

Mr, Brij Mohan Lai (Punjab) : — ^In paras 6 and 7 of tho paper tho 
Author has referred to four classes of roads, but tho basis of this classification 
has not been stated. As the method of classification of roads varies from 
Province to Province, a standard method of classification should also bo 
suggested 

In para 7 the Author has suggested a width of 20 feet for 'Glass I 
Trunk Roads or' Urban' and 10 feet for 'Class I Rural'. Tho Trunk Roads 
pass through villages as well as cities, tho major portion being through 
rural areas. The specification laid down for width is, thereforo, very vague. 
Moreover a width of 10 feet is uot quite suitable. It is always liable to 
rutting’. As a matter of fact in the modern conditions of mixed fast and 
slow traffic, a width of 20 feot is the only suitable standard for all roads 
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excepb where traflio. is insignificftnfe. This standard is, how’ever, too ambi- 
tious to be adopted. The next alternative is 12 feet. This width does 
not ‘rut’ and is more comfortable in driving. Therefore it is suggested that 
the standard should be 20 feet for class I roads and 1 2 feet for others. 

In para 7 the Author has also suggested that wherever the volume 
of trafBc is more than 2,000 vehicles per diem, the width of the road should 
be 20 feet. This limit of 2,000 vehicles is too much on the higher side. 
.It is very diflicult to show by mathematical calculations what this limit 
should be, but by observation of tho traffic on Punjab roads, I am inclined 
to suggest it as 500 vehicles. An analysis of traffic statistics of Punjab 
Hoads shows that there arc only 600 miles in tliat Province which carry 
more than 600 veliicles per day. Driving in such miles shows that a motor 
vehicle has to pass on from tho metalled portion to katcha berms about 
twice in each mile where tho metalled width is less than 20 feet. This 
virtually moans leaving tho metalled portion about once a minute, and is 
too uncomfortable. Tho maintenance of tho earth berms also becomes very 
expensive and difficult in such miles. It is, therefore, suggested that tho 
figure of 2,000 be reduced to 600. 

In para 9, the Author has given a table showing recommended widen- 
ing in fact. Tiio figures given in columns 2 and 4 of the table are twice of 
what is obtained by tho application of tho suggested formula. Tho widen- 
ing suggested for 50 foet radius is too much, and w'ould moan that on hill 
roads where the ourvos are all in tho neighbourhood of 50 feet radius, the 
width should not bo loss than 22^ feet anywhere. It is, thoroforo, suggested 
that the maximum widening should be limited to 6 feet for each unit width 
of 10 feet. 

Tho suggestion made in para 20 regarding sorvico roads is very usoful, 
but as tho finaucos cannot allow tho metalling of Lbeso, bullock-carts 
cannot bo expected to take to them, as unmotalled surface puts n hoavior 
strain on tho animals. Thoy are, howover, very much liked, if shaded, by 
pedestrians and animals. 

Tho roundabouts and refuges recommended in paras 21 and 22 are 
essential for safely of traffic at busy crossings. Tho recommendations made 
by the Author are very suitable. Two roundabouts somewhat on the same 
lines were constructed at Lahore two years ago, and have proved very 
useful. 

In iiara 25 tho Author has given a copy of tho standards laid down by 
a technical committee of the Punjab Government for hill roads used for 
one-way traffic only. Chakki Dalhousio Boad — one of tho most important 
one-w'ay traffic hill roads in’ tho Punjab, and one which does not fall under 
the category of tlioRo brought into use under tho pioneering spirit, was 
judged by me from those standards, and it was found impossible to apply 
them in strict accordance with their details. All tho standards have been 
fixed with relation to various degrees of curvaturo and slopes of countryside, 
and as both of those change incessantly along the road, it is not possible to 
judge correctly wliethor tlio standards are satisfied. Tho standards should, 
therefore, bo laid in a much simpler manner. For example, in Table I, tho 
minimum width has been specified as 12 feet for open country and bazar's ; 
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nncl 8 foot to 10 foot for voriouB sido slopes nod curvoR, nnd only 8 foci on 
bridgos. A spooificntion of 10 feet iniitiimtm incronsing to J2 foot on curves 
of radii atnallcr than 100 foot \yould liavo boon much simpler. Tbo spooi- 
fied width of B foot on bridKOS is too litilo. In Table 11, a Rradiont of 1 
in 6 is too stoop to bo spocifiod ovon for flat curves nnd slrtu/;ht portions. 
A spooificntion for a inaxinnnn (‘radiont of 1 in 10 would have served tbo 
purpose bettor. 

Tbo radii of curvature specified in table III are too difilcult to follow. 
Fixing of a minimum radius of 25 feet would be more suitable. The stand- 
ards laid down in Tables IV nnd V do not at all appear necessary to bo 
specified if tbo standards fixed for width, nnd tbo radii of curves am 
followed. Those specifications, tberofore, arc only of an academical and 
theoretical value, and cannot jio practically applied . They are, Iborcforc, 
not suitable to bo adopted by the Indian Bonds Congress, nnd require 
aracndmont< 

Mr. Syed Arifoddln (Hydorabad-Bccean) ; — Wo bnvo all road the 
paper on Lay-Out of Boad.s by Air. Trovor-Jonos nnd I nni sure, with groat 
interest, which tbo importance of the subject demands from us. .As be has 
slated in tlio Introduction, it is meant ns a draft chapter to bo included 
in the proposed : “Code of Practice for Koads”. Tboro is no doubt that 
the .Author has taken a good deal of pain in collecting tbo information and 
putting it in the form in which it is now placed before tbo Bonds Congress for 
doliboration. Tbo subject is n very wide one and a good deal can bo said 
on various points and more can be added. There are many points on 
which tboro may bo a good doal of dilTeronco of opinion nnd quite justifia- 
bly too. DifToront oxporioncos under different conditions have created 
difforonfc impressions on our minds nnd tberofore our judgment with 
regard to tbo suitability of certain proposals must necessarily bo different. 

Tbo subject by no means is yot exhausted. I doubt wbetbor wo can 
do justice to tbo paper of such importance by discussing it in tbo Congress 
at this stage, cspooially ns tbo time given to us this year was much too 
short. 


I would recommend that in addition to discussing tbo paper now 
further opinion of the morabors of tbo Congress may bo invited nnd those 
who choose to give tbo opinion may send it to the Toohnical Committee 
by a certain date. 

In this connection I w'ould like to recommend one more thing. 
Instead of giving definite opinion, it would bo more rational to think of tbo 
limits within which it may lie. For instance, refer to para 7 page 8(k), 
Carriage width proposed for 'Class I Trunk Eoads.qr Urban’ is 20 feet and 
for ‘Class I Rural' it is 10 feet. It would bo bettor before fixing it as a 
definite width to think within what limit tbo width ought to bo. It is 
quite possible that for ‘Class I Trunk Roads' tbo opinion may differ from 
18 to 24 feet and for 'Class I Rural Roads’ it may differ from 10 to 16 feet. 
Similarly opinion will differ with regard to the land required ns mentioned 
in para 6.^ Here again if wo form an opinion with regard to the upper and 
lower limit, and then suggest what we consider to boa fair width I am sure it 
will be more correct nnd more useful. 
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I have some viovys of my o^rn with regard to the practical ways of 
dealing with the survey operations which will not only av’oid waste of time 
in doing unnecessary works but bring out nil salient features, on which the 
aligntueut and the design of n road depends, in a very short time and with 
the least amount of labour consistent with the configuration of the country. 
I would like to place it before the technical committee, as 1 have not had 
time to deal with it here. 

1 would like to suggest hero that like the table of supcr'olcvatioii it 
would be better to print tables for vortical and transition curves. Similarly, 
a table may be added showing the widening of the road formation necessary 
at the inner side of the curve for different degrees of curvature and for 
different limits of visibilities. 


There is an important point about which it will ho bettor to obtain 
the opinion of various engineers and incorporate it in the Code. Sonic 
engineers have the opinion that the road must, as far as possible, bo on a 
bank of at least 1 foot without which they do nob believe that effective 
drainage can be obtained. They do not seem to have faith in the side 
drains, and for this reason they do not mind introducing many changes of 
grade. Particularly when the soil contains more clay and less grit, such 
as black cotton soil, they insist on hank. There are others wlio give gronlor 
importance to fewer grades and would like to propose long and easy grades 
consistent with economy, and for this reason they would adopt banking 
and cutting freely and would not mind if the formation lino is just scraping 
the ground. They would depend on making the side drains oinoiciit. 

provided without increasing changes of gradients 
undulj, they will gladly propose it. I, for one, liold the latter view. This 

rated in tl““c d^ properly and final opinion should bo incorpo* 




very satisfactory. The formula wna : >oMsoti; iMuoh proicd 

Slope == 1 in y 

a maximum alopa ollin 7, wlmrs S j. tho radiua ia l„„t, 

radta, of 49 fMi?'Eor°ono of feti^’alo^ *’° ^ '» 7 and also for a 

10 Ot iuu loot, slope would bo approximately 1 in H 

«= ,lope ,vaa oniform from fto oatsid. of Hm road to tho iasido drain.' 

ration in Amorioa and In' Enropo and aro''lMid'°^ '“fiairoto- 

Of controlling speeds round omwes In In Kn desirability 

required on hill roads. Speed is conh-Sl i super-clovation is 

distance mothbds and automatic oontrTbv vSnH 
not a practical necessity. ^ vaiiation in supov-olovation is 
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I am aware that 1 in 7 is regarded in some areas as too high, especial- 
ly for bullock-cart traffic, bat the formula is a useful and simple one arid 
the maximum to be allowed can be varied according to individual experience. 

The maximum gradients given by the Author on page 16 (k) seem' very 
large. In the Khyber, there is for a distance of about 2 furlong a gradient 
of 1 in 11. Motorists donot meet this with friendliness and I' think they 
would view a slope of 1 in 6 with something approaching hatred. 

Mr. M. I. D. Mufti (M.E.S.) : — Before I utter a word of criticism, I feel 
it my duty to thank the Author of the paper to whom we are indebted for the 
pains he has taken in compiling the draft chapter on Laj'-out of Boads to be 
included in the proposed Code of Practice for Boads, to be issued by the 
Indian Boads Congress. 

I am afraid, I cannot add much to what the previous speakers have 
already said but have a few points to observe : — 

As regards ‘Acquisition of Land’ ifiide para 4 of the paper), I would 
observe that the necessity for acquisition of land depends upon a number of 
factors which vary in each locality' such as 

(а) Traffic conditions, 

(б) Width of the Boad, 

(c) Cost of land. 

As a result of my personal experience on Indian Boads. I suggest the 
land acquisition should be as follows : — 

Class I ... ... ... 150 to 200 feet, 

Class II ... ... ... 100 feet,’ 

Classes III and lY. ... ... 80 feet. 

In case the cost of land is high, the above figures may be reduced to 
100 feet or more for 1st Class Boads and 60 feet for II and III classes. 

In paragraph 6 of the paper the widths of roads in plains only have 
been given ; minimum widths required at hills should also be mentioned. 

Paragraph 7 of the paper has already been dealt with by previous 
speakers, but it is not clear as to what would be the classification of Boads 
II. Ill and IV. The width in each case is shown as 10 feet ; it should be 
further elucidated. Moreover, in this there has been no mention about the 
total width required in each class of road including berms, -as well as the 
widths over embankments and through tunnels. Under this paragraph, 
perhaps it will be preferable to mention the width of soling required for each 
class of road which is usually one foot more than the specified width of the 
road. In order to classify the roads, I wonder if we should also give some 
data with i-egard to the standards of trafiic for which the road will ha used. 

As regards paragraph 10 of the paper 'Super-elevation' for curves of 
radii .loss than 600 feet should also be given. I suggest gradients between 
50 and 100 and then from 100 to 500 Blind curves also need mention. 
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. Begardlng paragraph 11 of tho papor, 'Ruling gradients’ of 1 in 30 for 
plains seems too much. 1 in 18 or I in 20, I think, is good enough. It is 
preferable to mention maximum and minimutn gradients. 

The statement “Maximum Gradient 1 in 16 in stretches not exceeding 
300 feet” is not clear. The gradient at curves up to 1 in 16 can bo allowed, 
bnt this depends upon the radius of tho curve. 

' « 

As regards paragraph 12 of tho papor, I would like to suggest that in 
long stretches of slopes, we should have Itoriaontal portions of about 100 
feet to 200 feet at distaucos of about halt a mile. . 


As* regards the camber for water-bound macadam roads, vide para- 
graph' 16 of the paper, personally I think that in order to bo able to keep the 
oars in control while driving at a high speed of say 40 to 60 miles pov hour, 
it should not be more than 1 in 48. 

As regards paragraph 17 of tho paper, a distance of 5 feet from tho 
edge of berm for planting trees seems to me too little. This should roallv 
aepend upon the class of the road and should bo more for narrow roads — 10 
feet from edge seems reasonable. 


borrow 18 of tho paper, tho 'minimum distance’ of 

bouow pits fiom roads should be fixed. . I suggest that it should he 10 feet. 

width In firap ‘1 26 of tho paper, I would like to suggest that the 

The following points may also be added to tho paper 


2 . 


Width of culverts i 
Glass of Road — 
Maximum 
Minimum 
Normal 


I suggest 
Pirst. 

• 27 feet 
. 20 feet 
. 24 feet 


Second. 
24 feet 
18, feet 
20 feet 


3. 


Third. 
22 feet 
16 feet 
18 feet 


Head rooms in Tunnels and over Bridges- I t 

(a) Using quarried hard stone ... 6 mchft<» 

.ft) ttsing Small boulders ' 9 l„„hos 

■ ■ W: On embantoeota and eott planes 9 tachos to 19 ioohos. 

Mr. tTagdish Prasad (GovemmBnt nt t . a 

words on supe^-olovattoo, par^a-lO of tbs paper. \ thlprtt °abV‘of 
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elevation is unscientific because the speed value of a curve depends on the 
deviation angle and the super-elevation, which is related to speed, should also 
depend on the deviation angle. E’er a curve of radius 1,000 feet, a super- 
elevation of 1 in 24 is recommended, A reference to “Curve Design” by the 
well-known authority, Professor Eoyal- Dawson, will show that this super- 
elevation is only suitable for deviation angles between 10 degrees and 15 
degrees. For wider deviation angles, the super-elevation for the same curve 
will have to be about 1 in 10. Hence, the table is not correct for all devi- 
ation angles and it is correct only for a certain range of speeds. It is, there- 
fore, desirable to have a table which gives values of super-elevation for a 
definite range of speed and for definite range of deviation angles. 

A similar table for sharp curves on hill roads should be added so as to 
cover curves sharper than 500 feet radius. 

Mr. J. N. Das Gupta (Calcutta) : — We are all thankful to the Author 
for raising this very important question of lay-out of roads. Mr. Jagdish 
Prasad has referred to the points that I wanted to speak about. I would like 
to raise some points now about super-elevation. This is growing up in impor- 
tance every day. Specially in case of arterial and interprovincial roads. The 
Author has suggested adoption of super-elevation without specifying the types 
of roads and the speed of the vehicle. For any fixed raidus, the super- 
elevation necessary varies directly as the square of the speed of the vehicle 
and inversely as the friction of the surface which again depends on the 
surface condition. 

From the table supplied by the Author in bis paper, it appears that 
naturally he has adopted increasing rate of speed for increasing radii of the 
curves, and as far as 1 could work out it varies from a speed of 30 to about 
60 miles an hour. 

It would be very helpful to the members if the Author will enlighten 
us about the formula he has adopted for working out the figures in the 
table including the constants he has used, and if they were obtained as a 
result of experiments carried out or of observations made. 

« t 

There is another point which strikes me in paragraph 15 as requiring 
some notice. The camber of 1 in 48 to 1 in 60 suggested by the Author 
appears to be unsuitable for places where there is a high intensity of rain- 
fall, and the camber should, I think, be regulated by local conditions in 
setting up standards. The suggested camber may be alright when the 
surface is treated, but in ordinary macadam road in places and provinces 
where rainfall is high and very intensive, it appears to me that 1 in 40 
would be rather on the low side sometimes. Camber in the neighbourhood 
of 1 in 36 would bo the proper thing to adopt to ensure proper drainage of 
the road, so very essential for its proper maintenance. 

Mr. K. G. MitcheU (Government of India) I think we are probably 
all agreed that it is extremely difficult in so small a volume to cover all the 
ground. I agree with Mr, Arifuddin who has said that if you are going to 
condense it to this volume you must specify limits of dimensions instead of 
actual dimensions. Actually this Paper covers the space in which text books 
of hundreds of pages in length have been written by any number of people. 
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and it is extraordinarily difficult to condense it. At the same time, it is- a 
very valuable contribution, in the first stage, of seeing whether we can evolve 
a general code of practice within broad limits and pointing out things 
which are to be avoided and which are at present practised and which are 
universally adopted throughout India. 

I would like to make one or two remarks on the Paper in detail. It 
starts with traffic surveys. My proposal is that we should guard against 
having such suirveys merely because you have them in some other countries. 
I think, in the conditions in India, if you are going to develop a road in any 
area, the best course is not to make a traffic survey on that road or track 
but to take traffic which has developed under similar road and agricultural 
conditions and under similar densities of population elsewhere, and that will 
give you much better result than any ad hoc traffic survey on the site. I 
remember the first road in the Punjab which we tried to improve as an 
earth road generally possible for wheeled traffic. Within a few weeks, a 11 
pack-traffic was replaced with bullock-carts, motor-buses and tongas, and 
any traffic survey made before improvement would have bean useless. The 
only way is to take a similar road in a similar area and to see what the 
traffic is on that. 

Then, in paragraph 3, there is a certain amount about "amenities” 
but there again I think that one of the principal things to remember 
in India is that the most common fault, again as Mr. Arifuddin has 
pointed out, is to make road on a high bank. There are a large number 
of road engineers who seem to have been educated on Railway Engineering 
text books They get hold of the longitudinal section of the ground for a 
projected road and deligfat in using a long straight edge to get great lengths 
of one gradient regardless of unnecessary filling. High roads in modem 
conditions are dangerous and expensive to maintain. It is necessary to 
have roads that give you a feeling of comfort and safety at all times. 
Some of the best and most inexpensive roads in India are in Jaipur State 
in Bajputana. Of course, the cost of material is not high there. The 
crown of the metal is not more than 9 inches above the natural surface and 
you have got a wide formation, which is cheap to provide and to maintain, 
and you have the satisfaction that when you meet a bullock-cart, you do 
not risk its turning over. Too high banking, in my opinion, is one of the 
greatest defects of many of our roads and I think that is a most important 
thing to remember. 

There is another point in regard to paragraph 5. Aesthetic considera- 
tions have to be remembered, but are often forgotten in the case of 
approaches to a bridge. Some of our bridges are works of art but the 
engineer plans, as far as possible, a straight run on and off, so that no one 
using the road ever sees the bridge in elevation. I do not suggest that you 
should put in tortuous approaches, for the sake of merely showing off your 
bridge, but where it is possible, the fact that a thing of beauty should be 
seen, shoud be borne in mind, I have no quarrel with what the Author 
says about avoiding curves on approaches to bridges — but if there are to be 
curves, then the lay-out should, if possible, afford a sight of the bridge. 

Again in paragraph 7, I would like to say that although the Roads 
Congress has adopted 10 feet width as the standard traffic lane, I think 
this should be qualified by saying that single-lane bridges should be 
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12- feeb wide. We have .all sorbs of traffic to deal with, not only 
vehicular traffic in regular lanes. I think, we should agree that for a 
single-lane bridge, 12 feet is infinitely becter than 10 feet. In paragraph 7, 
tlie Author discusses standard width, from the point of view of classification 
baaed on importance of providing through communications. That is all 
very well if the important roads from that point of view also carry the 
densest traffic. But that is not the case. Traffic increases in proximity 
to towns, and almost any road within five miles of a town carries more 
•traffic than the most important through trunk road in the depths of the 
country. The fact is that in this, as in so many other things, Indian 
conditions are peculiar — the ratio of short distance to ‘long distance traffic 
being very high. One thing about widths which I would like to see abso- 
lutely standardised is that, through small towns and villages, all roads should 
be provided with say a twenty feet wide dust-proof surface. This is abso- 
lutely necessary for public safety and health. It is very easy to criticise, 
but I cannot refrain from remarking that the Author in paragraph 7 in 
suggesting standard widths, assumes that “ Motor-cars travel five times the 
average speed of bullock-carts." Well, of course, bullock-carts go two miles 
an hour and I do not think that this is strictly accurate. 

There is only one other minor point, I think, at the end of paragraph 
17 about the width of avenues. There is a lot of argument as to what 
should be the width between trees across the road. People usually plant 
much too close because of the feeling that if you plant too widely nobody 
gets any benefit, for some years. But after a few years you find you are 
very cramped. That is a point on which 1 think something should be laid 
down Again, in paragraph 17, the Author rightly emphasises that you 
should avoid deposits of loose materials on road lands so that the spare land 
may be used for bullock-oarts and so on. Yon can remove loose materials 
but it is very expensive to fill your borrow pits, which should be prohibited 
ever more strongly. 

In paragraph 19, parking place, I would add 'cart stands’ also which 
are equally or more important. 

Mr. C. D. N. Meares (Calcutta) : — Only one comment suggests itself in 
these two papers read together. In Mr. Trevor- Jones’ paper paragraph 4, page 
7 (k) "Acquisition of land : When acquiring land for new roads or road widen- 
ing, the opportunity of obtaining some return for expenditure on road works 
from owners whose lands are likely to be benefitted by the work should not 
be overlooked.” Now if you turn to Mr. Trollip’s paper, page 7(m), you 
will find he makes some very idealistic comments about service stations and 
petrol filling stations. We all agree it is very nice to have a station 40 feet 
from the road. I would like to ask him, however, who is going to pay for it. 
As soon as a road is built the land value goes up at once : if you then try 
and put up a service station the adjacent owners hold you up on the question 
of rentals. I would like to suggest that’ when any a.uthority acquires lands, 
the question of petrol service stations should be taken into consideration. 
After all, I think you will agree, that petrol facilities should he considered 
a public service. As such, provision should be made for them when plan- 
ning an 3 » new road or improving old ones, and land should he acquired for 
■the purpose, while the road land itself is under purchase, otherwise the land 
Value will go up to more than an economic limit for service stations. 
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Hr. E. E. L. Pennell (Assam) : — I think ii> may interest members of this 
Congress in this subject of super-elevation on hill roads dealc with by 
Mr. Trevor-Jones, if I give a brief account of our practice in Assam.' In the 
table given in Mr. Trevor-Jones* paper, it is assumed that the radius of the 
curve is known. I don’t know whether other provinces are so fortunate as 
to' have plans of all their roads showing the radius of every curve, but 
certainly in .^ssam we have nothing of the sort, and consider ourselves lucky if 
we have plans, showing the amount of roadside land, which can be treated 
(is accurate with any degree of confidence. 

The tables in Mr. Trevor-Jones’ paper deal with curves of radii 
500 feet and upwards The majority of the bends in our hill roads have a 
radius of less than 300 feet. 

When we started hanking the curves on our hill roads the first thing 
to do was to discover their radii. The following procedure was therefore 
adopted (vide sketch in the note on “ Banking Curves on Roads " reproduced 
on page 37 ( k2) as Annex). 

Thus all you have to do is to set up your prismatic compass at point 
A and find out the size of that angle. Then measure the lengths of the 
tangents A B and A G. 

A reference to the table [vide Annex page 39 (k 2)] , which has been 
worked out on the drawing board and not from any formula, then gives you all 
the information you require to lay out your super-elevated formation levels. 

1 have sent tlie Secretary a copy of this diagram and table and hope 
that when it appears in the printed proceedings, it will be found much less 
complicated than it may now sound.- Its great merit is its simplicity. 

From practical experience gained while banking the curves on our liill 
roads, we evolved the following specification as regards the amount of supsr- 
elevabioti to bo given ; — 

Super-elevation shall in no case exceed r.ho following limits : — 

For curves of radii up to 100 feet ... 1 in 6, i.e„ 2 inches per 

running foot of road width. 

100 to 200 feet ... 1 in 8, i.e., 1^ inches per 
running foot of road width. 

200 to 300 feet ... 1 in 12, i.e,, 1 inch per 
running foot of road width. 

300 to 400 feet ... I in 16, i.e., f inch per 

• - ^ running foot of road width. 

Thera were two points mentioned by previous speakers I should like 
to comment on. 

The first' is regarding the maximum gradient permissible on' roads in 
the plains. ' 
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As far as I could hear, suggesbions ranged from gradients of 1 in 18 to 
1 in 50. 

In Assam we specify that the gradients on approaches to bridges, 
Avhich have to be raised to allow country boats to ply under them, shall not 
exceed 1 in 40 and we prefer 1 in 50 to 1 in 60. 

If you have steeper grades than these and take the bridge at over 40 
miles per hour you get a bad bump. Flat grades for approaches to culverts 
are essential. 

If you are travelling at 50 miles par hour and suddenly come on lo a 
bog-backed culvert unawares, you emulate a rocket with often disastrous 
results. 

The other point is the width of traffic lanes. Mr. Mitchell, I think, 
said that we ought to record 12 feet as the minimum width for the running 
surface of a single lane traffic road. 

In Assam we cannot afford to make our bridges wide enough for two 
lanes of traffic, and have recently adopted 12 feet as the minimum clear 
roadway width. Several of our older bridges have a 10 feet clear roadway 
width only, and this has been found dangerous especially when passing 
pedestrians. Also, our road maintenance planers are over 9 feet wide which 
makes the passage of a 10 feet wide bridge a ticklish matter. 

Mr. W. Lawley (N. W. F. P.) : — Several speakers have already com- 
mented on super-elevation. This is of particular importance in the roads of 
the Bannu division where most people, to avoid the possibility of being 
sniped, are anxious to travel as fast as possible around corners. We vary 
the super-elevation according to the radius of the curve, with a maximum 
of 1 in 6. 

Begarding road camber, to avoid ‘rutting’ caused by traffic hugging the 
centre of the road, we are now metalling some of our tar or bituminous 
surfaced roads almost level, i.e., with a camber of 1 in 144, i.e., ^ inch rise 
in a 12-foot wide road, 

I should like to say a word regarding the question of road widths. In 
the N. W. F. F., it is usually possible, within a few miles of any road, to find 
some sort of stone or shingle with which a strip of berm can he .stabilized. 
Where such conditions exist, a minimum road width of 9 feet, and 16 feet 
for double lane traffic, is possible, and desirable in the interests of economy. 

Mr. W. L. Murrell (Chairman) ; — ^These two papers are of the greatest 
interest to me because I was made responsible for a detailed reconnaissance 
of the Bombay-Calcutta Trunk Boad in Bihar, and for the submission, last 
year, of the detailed estimate for about 50 miles of it. 

As regards the over-all width of land required for a new project, I 
rather think that Mr. Trevor-Jones' figure of 150 feet is too low for a mini- 
mum, in the case of a modern Trunk Boad. 
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* In' Bihar -we are allowing for future dual ■u'ays for fast tra&io, and 
for the segregation of slow traffic, for the Trunk Eoad- 

The idea is first to construct two-road formations only. One of these 
will carry an 8 feet wide cycle track, plus mixed fast traffic. The other . 
formation will carry the slow traffic. 

These two initial formations have been arranged so tliat, when the 
time comes to have dual lanes for fast traffic, the present fast road formation 
can eitlier be widened or duplicated, the culverts and minor bridges being 
duplicated. 

The arrangement of the different formations is much too complicated a 
m.attor to discuss here, hut ib necessitates a land-widbh of 160 to 180 feet, 
even in fairly level country. 

Where there are to be heavy fills or where side-slopes are steep, the 
over-all width required is even greater. 

Even with those land-widths, and even including lands for permanent 
buildings, material and plant depots, parking places and additional width 
near liabitation, the amount to be paid by way of compensation for 
permanent and temporary land acquisition is estimated to be less than 
7 per cent of the total cost of the trunk road project. This includes the 
cost of acquiring “busti". 

As regards the amount of surface widening which ilr. Trevor Jones 
recommends for curves, presumably his amounts take into consideration only 
those cases whore visibility is good. 

I would suggest that the amount of widening bo much greater for 
blind corners. 

As regards super-elevation, it is noted that Mr. Trevor-^Jones does 
not propose to allo-w a steeper super-elevation than 1 in 12 for curves of 
radii less than 500 feet. 

Where visibility is good I think more speed should he allowed, and 1 
in 8 is a more reasonable super-elevation for a curve of 50 feet radius, than 
is 1 in 12, 

I am afraid I disagree entirely witli the proposal that the gradient 
should be flab at hair-pin bends. 

This seems to bo a survival of the old days when the roads engineer 
stopped his buggy on a salient or spur to rest his horses and to admire the 
view. - . . 


Tliere are many reasons w'hy the level portion should he just on the 
up-Iiill side of the hair-pin bend : — 

(0 Having slowed down to take the sharp corner, the ascending 
motorist wants a level stretch of 100 to 150 feet above it in which 
to accelerate his vehicle, 
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(») A level stretch just above the hiiir'pin bend helps the descending 
motorist to brake and slow down for the bend. 

(iti) Draught animals should be given a level stretch in wbioh to rest. 
This level stretch must not bo on a curve where visibility may bo 
bad or where the motor vehicle requires room to swing, The 
proper place for resting animals is the straight level strctcli just 
- above the hair-pin baud* 

(iv) It is much more expensive to construct a hair-pin bend on the 
level than it is to construct one on a gradient, 

I must admit that this is entirely my own idea, so far ns I know, and 
that I have never yet seen the level section placed above the bend* 1 am so 
convinced that this is the correct place for it, however, that the Bombay- 
Galcutta Trunk Road in Bihar has been graded on this principle. 

A point about tree-planting strikes mo. To specify that trees should 
not be planted nearer than 5 feet from the outer edge or toe of tl)o berm, 
may lead to mun^' trees being cut down when the formation is widened* 

Would it not be better to specify that the lines of trees on either side 
of the road should not be less than a certain distance apart— say GO feet ? 

As regards boundaries, 1 think more care should be exercised in undulat- 
ing country when making drains to serve as boundary marks* In Chota 
Nagpur many of these drains have developed into ravines and, in some 
oases, the road has had to bo realigned hocuuse of the erosion started by a 
small, harmless-looking boundary drain* 

As regards the particular colours which should bo used for road signs, 
etc*, I would suggest that we agree to some doflnito nll-India practice. 

In Cliota Nagpur, w'e I’oserve red and white to go with black for all 
danger signs* Similarly, we reserve lemon-yellow to go with black to indi- 
cate place names and distances on road direction posts, and to give the 
travelling public any information as to the locality* 

Though having too many colours is to bo avoided, it seems necessary 
to have a fifth colour as suggested by Mr* Travor-Jones, solely for ti'afuc di- 
rections. White on a blue ground seems good for all- India practice. 

Coming to Mr. Trollip's paper on Ribbon Development, one or two 
points in connection with the practice adopted in preparing the detailed pro- 
ject for the Bombay-Galcubta Trunk Road in Bihar might be mentioned* 

The triangle of visibility has been taken with the Trunk Road side as 
250 feet and the cross roadside as 150 feet* 

Extra land is to be acquired for the parking of cars at points of view 
or at picnic sides, as well as depots for road materials and plant* 

Control width; — In remarking on Mr. Trevor-Jones' paper, I stated that 
the land proposed to be acquired for the Bihar Trunk road was between 
160 and 180 feet, on the average. 
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In addition to fciiis, wherever the Trunk Eoad passes near existing 
habitation, I decided to take an additional 50 feet width on each side, 'mak- 
ing about 2S0 feet in all. 

It had been my intention to use these 50 feet wide strips as buffer 
lands to avoid encroachment. The idea was for the local Government to 
lease out all these lands through the Khas Mahal Department for periods of 
about 10 years, as the Khas Mahal Department has the machinei'y for col- 
lecting rents and for defending title. 

The detailed estimate for the Trunk Eoad was submitted before the 
papers of Mr. Trevor-Jones and Mr. Trollip were circulated, and it may prove 
of interest that the Bihar proposals lie between the recommendations made' 
in these two papers. 

Speaking not as Chairman to this meeting, nor as a Government dele- 
gate, but as an ordinary membei', I would like to say that, as regards bye-jiass 
roads, all engineers are agreed on the necessity' for keeping “through" or 
Trunk Eoads well away from densely inhabited areas. Bub, in India at least, 
the politician does not always agree and, sometimes, the civil authority 
would like to support the politician. 

This over-shadowing of the engineer is possible oven when the general 
alignment of a road across the country is being decided on. I would suggest to 
my brother engineers that this danger of interference should not be taken 
lightly, and we should, therefore, do our best either to educate others on 
technical matters, or agitate for constitutional reform that will result in giv- 
ing more weight to the engineer’s opinion. 

Having worked on ro.ads in other countries and having seen how ex- 
traordinarily quickly' developments can take place as soon as the motor 
vehicle is given a chance, I feel that I am in a position to state that these 
two papers are most important contributions to the science of road design 
or lay'-out of roads in India. 

Time is getting short, but I feel that I must mention a book on 
lay-out and road problems which is in the Congress Libi'ary. 

It is a report by the late Mr. W. T. B. McCormack, Chairman 
of the Yiotorian Country Eoads Board, who visited the United States 
of America. In this report, one of the most brilliant road engineers 
of our day has picked out and described some of the finest features of 
recent Amei'ican practice. 

I see there are still others who have something to say on these two 
papers, but I am soi’ry that our time is up. 

Would y'ou members very kindly address your remarks as 
“ Correspondence ’’ on these paper's, to the Secretary so that they can 
be printed with the Prooceedings. 

On behalf of the Congress I thank the Authors, Messrs. Trevor-Jones 
and Trollip, for their very interesting and valuable papers, also those 
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members who have spoken on the papers, or who will write on them. 
— (Applause). 

Mr. R. Trevor-Jones (Author) : — If I reply to all the discussions 
and correspondence I have had on the paper, we shall be here for a 
considerable period, but I will try to reply, as briefly as possible, as I see 
we have only eight minutes left. I shall, therefore, refer to only a few of 
the questions put by each speaker, I think you are all very difficult to 
please ; but I expected that. 

Mr. Pennell and various other speakers want to introduce a steeper 
cross fall for super-elevation, steeper than 1 in 12. Mr. Pennell refers to 
a Public Works Department Paper where cross grade is as large as 1 in 8 
for curves upto 100 feet radius. The Ministry of Transport in England will 
not allow a greater slope than 1 in 16 and although I have put in 1 in 12 
for curves upto dOO feet, 1 think this is, if anything, on the steep side. I 
am fortifled in these remarks from a recent paper in the Journal of the Insti- 
tution of Civil Engineers by Mr. Aldington who gives reasons and 
calculations why cross falls should not be more than 1 in 16. 

I 

Mr. Brijmohan Lai, criticised the standard of 2,000 vehicles as too 
low for two-lane provision on metalled roads. Ho says that this would 
affect only about 500 miles of ^road in the Punjab immediately. As we 
have only 150 miles of twQ-laua metalling at the moment, on immediate 
increase to 500 w’ould be a tremendous step forward in public safety and 
public amenity. 

Mr. Mahapatra only wants trees planted on boundaries and 
‘whereabouts.’ Apparently no double avenue will be entertained. - There 
is a lot to bo said for this, as trees on edge of formation are undoubtedly a 
danger to the motorists. But a double avenue increases shade for slow 
traffic on side roads. 

I concur in ^Ir. Syed Arifuddin’s idea that technical committee 
should now consider criticisms and opinions and prepare a final draft. 
My objections to his suggestions that there should be upper and lower 
limites for standards, is that the lower one will be adopted as the goal to be 
attained and a still lower one put into practice. Better to stipulate a 
minimum and stick to it as a general principle. 

Mr. Surati states’’’ that traffic roundabouts are now used for mixed 
(fast and slow) traffic. At one time I felt the same, but experiences, in 
Lahore, of roundabouts tend to prove that such is not the case provided 
the amount of traffic of either kind is not excessive. 

Both Mr. Mitchell and Rai Sahib Eateh Ch and criticise the 10 feet 
width units. As the 10 feet width has been adopted as the standard width for 
a single-lane of traffic in the Indian Koads Congress Bridge Specifications, it 
seems to me to be inconsistent to adopt another unit for the lay-out of roads. 


“ The comments of Mr. Surati 
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Mr. Mufti coinplainod that there are entire omissions about bill 
roads and so on. This, I agree, should find a place. As regards his 
remai'h that soling ■widths should be 11 feet rather than 10 feet, I think, 
this is a matter which should ^o in another chapter for this “Code of 
PraoticB”"~po88ibIy a chapter on Hesign . 

Mr. Fitzherbert brought up the question of ■ the siting of petrol 
pumps on cross-roads. At the moment I do nul think this should be in- 
cluded in such a chapter as the one I hn'\'o drafted. It is true that we 
have made n rule in the Punjab that pumps shall not ho placed within 300 
feet or 100 yards of a cross-road* There is some opposition to this, but on 
the other hand there is the question whether petrol pumps should be sited 
within the roadland at all. 

Mr. Murrell criticised para 11, ‘Gradients.’ I can only say that 
these standards were adopted only last year by the Indian Hoad Congress, 
and as far as 1 am concerned, they are hard and fast axiomatic data. How- 
ever, in considering the paper under review’, no doubt the teohnical com- 
mittee or whatever unit scrutinizes, will reconsider all standards previously 
adopted if they consider proper to do so. 1 am m full agreement 
with Mr. Murrell as regards the overshadowing of the engineer's advice 
by political or bureaucratic interests and short-sightedness. If we can pro- 
duce standards which have the seal of the best professional opinion in the 
country, obviously the engineer has a weapon with which to fight the dragon 
of ignorance and prejudice. (Applause). 


COEEBSPONDBNOB. 

1. Conunents made by Mr. W. F. Walker (Meerut) by post on 
Paper (k 2). 

' There is one point that I. should like to raise and that is the question 
of level crossings over railways. 

I find that in many cases where the road originally crossed the rail- 
way at acute angles the road has been given a serpentine curve so that the 
crossing shall be at right angles to the railway* Tliis arrangement may 
have been satisfactory before the advent of fast motor traffic but under 
present conditions, in my opinion, it is a positive source of danger, because 
the motorist has his attention rivetted on the curving road and is unable to 
see whether a train is approaching and whether the gates are open or not. 

In my opinion, the road approach to a level crossing should be straight 
80 that the approaching motorist can see clearly whether the crossing is 
open or not. 

There is one other point. I have found that in many cases railway 
sidings and signals are sited without any consideration for the convenience 
of road users. It is no uncommon thing to find a train standing across a 
main road merely because the danger signal, at which it is held up, has been 
sited without any reference to the road. 

As regards 'road-widths’, in my opinion, the additional cost of cons- 
truction and of maintenance of a 12 feet road over a 9 or 10 feet road is not 

* His comments appear on pages 28 (m) and 29 (m) under Discussione on 
Paper M. 
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3 asulied* The 12 feeb toad also encoara^^es passing motorists to stick OD 
CO the metalled surface to che last minute in the hope that they can 
squeeze past, whereas with the 9 feet road both realise that this is impds* 
sil)le and both give way keeping one wheel on the pacca' In this 
\va\' che 9 feet road may be safer than the 12 feet road as well as more 
economical- 

2. Gommeuts made by Mv. H. M. Surati (Hyderabad-Dsccan), by post 
oa Paper Ck2)- 

‘ ■ Please refer to page 10 (k) paragraph 11 wherein “Maximum gradient 1 
id fo'in sti'etches not exceeding 300 feet" is recommended. Can this be ap- 
plied without any qualidcacion of surface and nature of traffic ? In case of a 
cement concrete road with 1 in 18 gradient, for a shorter straight distance 
of 200 feet it is observed chat the drivers of loaded bullock-carts with great 
difficulty are able to negotiate downhill and instinctively the ofif-wheel and 
bullocks are directed on to the narrow earth-berm in the middle of their 
journey. I think there should be different maximum grade limits for different 
surfaces, keeping in view the nature of different traffic by which the road 
will be used. 

Please refer to page 14 (k), para immediately under sub-para (7) of (21) 
wherein “roundabouts" are recommended for continuous movement of 
traffic resulting in greater flow as compared with ‘Stop and Go.’ It is sub- 
mitted that almost all our cities have got a fair proportion of slow moving 
traffic and vehicles such as carts, horse-drawn vehicles, tongas etc.. With- 
out any further regulation of traffic lanes, all vehicles, whether fast or slow- 
moving, take to the inner side of the road round the roundabout, causing 
considerable impediment to the movement of traffic on a fairly busy junc- 
tion- Around a roundabout, the road becomes one lane for all vehicular 
traffic and can he of advantage only when the other kind (i.e. Slow or Past) 
traffic is practicallv negligible. 

3. Keply, by Mr. R. Trevor-Jones (Author), received by post, to the 
comments of Mr. W. F, Walker, on Paper (k 2)- 

I am grateful to Mr. Walker for raising the question of level 
crossings over railways. I quite agree that some speciflcations for 
such crossings should he provided in a chapter on the ‘La 3 f-out 
of' Roads' in the “Oode of Practice." It might be of value to 
include certain items from the Government of India, Railway Department 
(Railway Board) “Classification of, and Standard Specification for, Level 
Crossings” No. I R. S. (M) 2 of May 1928, revised June 1931- Items 11, 
12 and 13 of this appear to meet the points raised by Mr. Walker and these! 
are rspcodiiced for ready reference on the next page- At the same 
time the question of other crossings, such as water-courses and canals, should 
be specified, and for want of other data, I suggest the Punjab practice taken 
from the Public Works Department Buildings and Roads Manual of Orders, - 
paragraph 8(78) which might serve the purpose- The classes of road referred , to 
are merely provincial and will have to be suitably amended when classes are 
adopted and defined by the Indian Roads Congress At the same time, as I 
mentioned at Calcutta, it is possible that such a specification will be more 
suitably included in a chapter on ‘Design of Roads’. It is a mistake to 
provide and make the field of the chapters in question too wide. 



Dimensions, etc. for various classes of crossings. 
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ANNEX. 

Banking Curves on Eoads'^. 

This note has been prepared on the experience gained on roods in the 
Kbasi and Jaintia Hills Division ; it is intended to servo as a giiide to the 
lines on which this work should be carried out 

2. The super-elevations shovvn in the table are in accordance with 
those given in Assam General Specification No. 81 (l) and with those adopt- 
ed on the Shillong-Gauhati and Shiltong-Sylhct roads, /•£•, on controlled 
one-way traffic roads and appear suitable for metalled roads through teelahs 

ft 

but it may be found that for metalled plains roads it is preferable to reduce 
them to those given below for gravelled roads- 

3, Eor gravelled roads both in the plains and through teelahs the 
super-elevation must be reduced to the maxima given below as, if made 
too steep, the gravel has a tendency to be washed off the banking. 

Maximum super-elevation for gravelled roads. 

For curves of radii up to Maximum super-elevation, 


100 feet 

1 in 8 or U" 

per r.ft 

of width of road. 

101 to 200 feet 

1 in 12 or l" 

do 

do 

201 to 300 feet 

1 in 16 or f" 

do 

do 

301 to dOO feet 

1 in 24 or 

do 

do 


Consequently when using the table for banking gravelled roads, the super- 
elevations given in column 4 most be reduced in accordance with the above 
maxima and the length of the radii shown in column 3 of the table. 


* This note has been referred to in Mr. K. E. L. Pennell's speech on paire 
28 (k 2). 
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4. Instructions regarding the use oj the table . — Experience has shown 
that the majority of curves on any hill or teelah road have angles (marked 
A in the sketch) varying from 100 to 160 degrees and that the lengths of the 
tangents (marked AB and AO in the sketch) vary from 50 to 100 feet. 
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The tangents AB and AC must be of equal length and as in practice it 
is difficult to see exactly where the tangent meets the curve at B and G it 
is best to measure along the road on both sides and take the mean length. 


The following table shows that the radius OB and 00 of the curve 
varies much more with the angle A than with the length of the tangent 
which is fortunate as it is easy "to measure this angle accurately with a 
prismatic compass. 


Having found the angle A and the length of the tangent a glance at 
this table shows the hanking required and no further calculation is necess- 
ary as the length of the radii for intermediate angles and lengths of tangents 
can be arrived at near enough from the nearest given figures. 

5. The super-elevation as calculated will be given throughout the 
whole length of the curve BO. The length of the approaches BD and GE 
will bo : — 

100 ft. for a Buper'elevation of 2" uer r.ft. of metal width 
80 ft. li"‘ do 

60 ft. ,, 1" or under do 

the super-elevation rising uniforpily from zero at D and E to the full 
amount at the commencement of the curve at B and 0. 
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When two adjacenfc curves are so close to one another that there is 
not room to give the full lengths as laid down above for the two approaches:- 
(ft) There will be no zero point, tlio two approaches being laid out 

as above from the adjacent ends of the 
thoVamSafrictfon" t^o curves to the points where tlie 
super-elevation falls to f" or i" per r.ft. 
of width, the remaining intermediate length being laid with this 
amount of super-elevation* 

{b) A length of at least 10 feet must be left between the starting, 

zero, points of the two approaches 
oppoflUo“diivciioS^ whose lengths must bo reduced hut 
kept approximately proportionate to 

the lengths given above. 


6- Table for the banking of curves on metalled roads : — 


Angle nt 

A 

degrees. 

Length of tang- 
ents AB and AC 
in feet. 

Length of radii 
OB and OC 
in feet. 

Snpcr-elevation 
of hanking in 
inchen per r.ft. 
of width. 

Remarks. 

1 

2 

3 

4 

5 

100 


119 

H 

2" per r.ft. is 


80 

95 

2 

the maximum 


60 

71 

2 

banking per- 


50 

60 

2 

missible. 

110 

100 

14=2 




80 

113 




60 

85 

2 



60 

71 

2 


120 

100 

173 




80 

138 




60 

103 

4 



50 

86 

2 


130 

100 

213 

J ’ 



80 

170 




60 

128 

4 



50 

107 

4 


140 

100 

273 

1 



80 

217 

1 



60 

164 

1* 



50 

136 



150 

100 

Over 300 

f 



80 

292 

1 



60 

220 

1 



50 

183 

4 


160 

100 

Over 300 

sT 

4 



80 

Over 300 

i 



60 

334 

3 

4 



50 

282 

1 
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7- Metalled roads toith an excess thickness of metal : — 

■{a) The normal thickness of welUconsolinated metal may be taken 
as 6 inches over soling and 9 inches where there is no soling. 

{b) Thus for curves where the super-elevation is small, it is often 
possible on roads having an excess thickness of metal to 
obtain suiBcient filling for the outer portion of the curve by 
digging up 'the inner portion to the correct slope until the 
normal thickness of metnl is obtained at the inner edge and 
using the metal thus obtained for raising the outer portion. 

ie) As metal thus dug up is full of dust, it must be screened through 

a f inch mesh screen- A screen made of expanded metal ns 
per plan enclosed [page 43 [k2)l has been found very useful as 
with one operation it separates out metal, chippings and dust. 

id) When the cross-section of the road has been brought to the 
correct slope and dry-rolled, these chippings should be spread 
as blindage over which the renewal metal coat is laid so that 
on rolling, the blindage works up through the new metal from 
below which locks the metnl much better than when worked 
down with water from above. 

(e) On roads having no excess metal or where the super-elevation 
is so great that even on excess metalled roads the correct 
slope cannot ho obtained by digging and filling, or by the 
addition of a few inches of extra thickness of new metal 
along the outer edge, it is usually economical to use soling 
stones instead of extra metal. 

if) Whore soling . stones are used it should ho decided in each 

case whether it will be economical to dig up the metal along 
the outer portion till tho old soling is exposed and to 
build up on that with fresh soling thereby obtaining a large 
amount of old metal which can bo utilised after screening as 
stated in paragraph (o) above, or to lay tho soling direct 
on tho existing surface. In any ease a consolidated thickness 
of at least 4 inches of motal must be given over the soling. 

8. Method of laying-ont banking slopes . — Experience on "the roads 
in the Khasi and Jaintia Hills Division has proved tho following to be 
much tho simplest and quickest method for giving the necessary profiles. 

(a) Tools and materials required : — 

1 ordinary template for a metalled road 
1 straight edge 16 foot long 
1 -oarpontor's spirit level 

1 measuring rod 4 foot long marked in inches from 1 to 40 

String 

Pegs 

Hammer. 
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(6) Take fcho inner edge o£ fcho metalling as datum. The dug-down 
level as explained in paragraph 7 (6) above, should he taken for roiids with 
excess metal. Start at the zero points I) and E [vide sketch on 
page 88 ■(k2)] and after checking the cross-soction with the template, drive 
in pegs at the outer edge of the metalling and mark the correct lovo! 
on them. ' 

Next drive in pegs at points U and 0 also on the outer edge of the 
metalliug whore the full banking commences and mark on them in pencil 
the height of the finished road surface- An example will show how this 
height is arrived at; — 

Assume the metalled width is 12 feet and the banking slope as per table 
is found to bo 1^ inches per foot width. The outer edge of the road has 
therefore to bo 18 inches higher than the inner edge. Stand the measuring 
rod ou the inner edge immediately opposite the peg and place the straight 
edge against the 18 inch mark. Level it up with tlio spirit level and mark 
where it cuts the peg. If pegs B and 0 are any distance apart, intermediate 
pegs should bo given and similarly marked. 

(c) Since the approaches BD and CB may bo anything up to 100 feet 
long, intermediate pegs are required for them also. Keeping to the nbovo 
example the approaches for a ’ll^-inch bank are 80 foot long — vide 
purngniph 5 above 

Drive in pegs along the outer edge of the metalling at the i, ^ and 
f distances, i.e., 20 foot, dO and 60 feet respectively from D and E 
where the cross slopes will bo § inch, inch and li inches per r. ft. of 
width respectively giving differences of level between the outer and 
inner edges of d^ inches, 9 inches and 13^ inches rospeotivoly. 

Using the measuring rod, straight edge and spirit level as explained 
above, mark tliese heights on onoh of the pegs. 

Connect up all the marks on the pegs from D right round to E with a 
string which then gives the level of the finished road surface. 

(cZ) When laying the soling romemhor, there will bo d inches of metal 
over it so the soling surface must bo kept d inches below the string level. 

Check the slope frequently when laying the soling by the straight edge, 
one end' being on the datum level at the inner edge of tlio metalling and the 
other on the string along the outer edge and remember, the soling surface is 
to be kept d inches below this lino. 

9. Banking gravelled roads. — (a) All the gravel lying on the length 
between the zero points D and B of the two approaches must first bo salvag- 
ed by scraping it off on to the berm along the inside of the curve. 

(6) Fix the string showing the finished level of the surface along the 
outside edge of the curve as explained above and earth up the road to the 
correct slope checking with the straight edge as necessary. 
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(c) Aa soon as Ihe new eaiihwork has consolidated and become in a 
fit state for graveUinB, re-spread the salvaged gravel. 

10. Berms. — (a) The outer berms are to be earthed up in continua- 
tion of the slope given to the metalled surface so that even if a vehicle gets 
on to the berm it is still at the same slope as it would be on the metalled 
surface. 

(6) .On excess metalled roads where the inner edge has been dug down 
the inner berm must ho correspondingly lowered and given a gentle slope to 
the rondsido drain which will probably have to ho deepened. 

(c) In all cases both for metalled and gravelled roads tljc inner berm 
should bo only given a gentle slope towards the roadside drain or edge of the 
omhankment and grass encouraged to grow on it. 

Enclos : — .Sketch of screen referred to in paragraph 7 (r). 


Uated ShiUono ; K. E. L. PENNELL, 

r 

The 7th August 198(}. J Supenuteudtug I^tifftucer, Southern Circle, Assam. 




PAPEE No. K (I) 


Mr. K. E. L. Pennell (Oliairman) ; — I call upon Mr. H. Trevor-Jonee . to 
introduce his paper K (l), on “GollecMon of Material for and Consolidation 
of Water-bound Macadam". 

The following paper was then taken as road • - 




PAPEH Xo. K (T). 


COJ.LECrrOX ok material foh. and coxsolidation op, 
WATER BOUXD MACADAM 

BY 

R. Tkkvoh .Toxiis, M.C. M. Insf., C.E.. I.S.E., 
Sajicrintoinlinj* Enj'uiorr, P. W, ])., Pimjfll), 


Introduction. — Tht', tlm/i prrpnrnl v'lth (lit', ohjeci of arriviiio at 
Slan*Jitnl Vraclicc tn \\'<tU'r-Uotmi( AVwi/ Con si me I tor.. 


The sttojrei nitilter autJ tIoUt hnty ('em nhioitteil from spcciflrnlioits 
iiulho) hij Lot'll} (iin'rntmi'n(‘‘, elc., of titc fnUon iii>i piovnu'cs : — 


JJi'itftn}, }>fliit, 

Mo'luts, Asuttri. 

Jiihitr, Snul. 


Onshtt, AMI'. Finniur Ptuvincc', 

Punjab, (.’enti.il I'ltifiticci ,f Herar. 

Unit til Pronifcts, 


ftn/l fiom the Mtltliitti I'tH'jinttt Srn-tret Ihiuilbooh. Vol. Ill liowh aiul 
“Po!i>l ut’itoit ittti! Miimfrimiur in Inihn” — ICii'fincer-tn Chief's 

TcrhitiCal Paptr ,Y<». I(i 



1. Collection in stacks.— "Mobal should ho stacked at roadside in con* 
tinuous stacks of uniform sections leaving only such gaps for drainage as may 
bo ordered by the engineer in charge. It is important that such stacks are 
located absolutely clear of the road formation, (f.c., outside the road berms). 
In hill sections, metal .should be stacked on special platforms or sidings located 
off the i-oadway at suitable intervals (say two furlongs). 

2. Measurements . — In order to allow for loose stacking, stacks should be 
13 inches high but measured as one foot. The stacks should be of such 
section as to give sufTieient metal for the stipulated thickness of coat on the 
corresponding length of road. “Farinas" or gauges, should be constructed 
accordingly and chocked periodically. 

3. General . — ^letnl should not as a rule be collected before it is actually 
required. Consolidation should not commence until all metal required in 
the mile or portion thereof concerned, has been collected and measured. 
Collection and consolidation should bo usually carried out by full miles 
except in largo cities and towns. 

{Koie on Design of Water-Bound Macadam.) 

It is usual in India to specify a 4^ inches thickness of metal. This is in 
all probability heavier than necessary particularly if the surface is to be water- 
proofed. In an ordinary water-hound macadam road, the metal is all, more 
or less, of one si;!o and consolidation is obtained by cementing the stones 
together by rolling dry and then wet. 

Each piece of metal is bedded in splinters, and chips arc broken off by 
intensive consolidation. The remaining voids are grouted with stone dust 
formed by traffic. 

■Working by this method a thick coat of metal is a necessity since con- 
solidation of a thin coat cannot be effected. 

If the metal is properly graded, a much thinner coat can be used. Each 
piece of metal is embedded in smaller pieces specially put there by proper 
grading. The voids are filled with clay and stone dust which should be 
forced up from underneath during consolidation. This grouting material has 
a far better bedding effect than stone dust alone.. The bedding of each piece 
of metal is the most essential feature of the wearing properties of a road as it - 
is the gradual wear of one particle against another which finally accomplishes 
its destruction. This wear will not occur if the metal is bedded in properly. 

Grading the stone means that the proportions of each size are so arranged 
that there is a minimum of voids in the mass of the aggregate. The object 
of pre-grading the metal is to reduce to the minimum tlie interstices between 
the particles when they are laid, and thus to cause the particles to interlock 
and form a full bonded surface. Pre-grading is particulaly advisable where 
thinner coats of metal are used. If tho metal is all of one size it will not 
interlock properly and there will be lai'ge and numerous interstices. Such a 
surface, though it may look all right at first, tends to disintegrate rapidly 
under traflSc and the road breaks up. 

In order to secure proper grading, a representative test should be made 
of the metal in the consignment being used, 



Ab an axampis, a suitable grading might bo 


1 inob to J inoli 


4 

1 


4 ,, to M 

i ll to H ,1 
Stono dust filler 


35 per cent. 
80 

30 „ 

5 


Take about 5 cubic feet of the metal that is supplied. Find out the 
proportions of oacli of the above by scrooning bhciii out of the sample. 

Should a variation of 10 per cent or more appear in any particular size it 
is bettor and easier to add a Used amount of any size deficient than to 
attempt to screen out an excess. 

4. Surface Scorhuj , — The surface of the old metalling or of ilio .soling ns 
the ease may l)e, should bo tlioroughly cleaned of all dirt. In the ease of 
old metalling, ridges should be cut and metal thus oblained u.^cd to fill nils. 
Tho whole surface should bo then scored with lines abov\t inches deep end 
about 12 inches apart, in order to provide a key. The full working widt)> 
must ho demarcated \Yitli picks working along properly aligned sf rings, 

(Note.— Tn certain localities it is customaiy to jdaco ^ inch layer of earth or 
moorum” to act as a cushion and to work up between interstices 
of metal. The efi'icacy of this arrangement is douhtful). 

6. Bdginfi o/hioidx or paula>i'\—Wl^en tho old .siu-fnco has been brought 
to the camber that tho finished road is to have, two parallel bunds of clav 
puddle, 9 mebes wide and 6 inclios deep, should bo made along the outer 
0 ges of the metalling. Tito bunds should bo laid .sfrniglit, (rue am? navnllel 
baring a distance between them eijual to tho width to bo metalled Tlie 

prevent the new mot.iJ /torn spivadi,,-' as 
^ Koesolidalion. A 12 incho.s width of henna 

will he made up at tho same time to act as backing for llic bund.s. 

V roS " ‘“l "" 'r 

No. K (II) on ■'r,,yonl oT]lol,aO. 

on "UiSoaSs".'”^* '®"l’"''-*''«tion’, in Pniw No. K (11) 

coat required. The motiil should l>o ImndiJlk^/ i • «P full 

placed below and smaller pieces in the inlm4liroc”1’^iT >nelnl being 

be no necessity to withhold any metal Sn , n ' 

^vork in paragrapl, o above has boon llopSy JaSroul!’ 

the camlier botwcon tho bunds to 

a disianco ot n,p}>i'oxiiTiatolv fnt%h i \ should bo UNod \viM» 

ahonla bn droi byTS ta'vtt f 'f''“‘“l'l"yc>-°Ubn wo“l 

^ 'r ‘r 'r 

tnmdnte «»a ViT'void ''“"M '» 



profiles. Sots o£ these for different cross slopes (Vvi Vioi \'iji atid Vao should 
suCdce) are required and each must be clearly marked with its slope. 

The transition strips between cambered sections and banked curves must 
be spread by eye as gauges or templates cannot bo used. But in all cases the 
edges to the metal must be clearly defined by lines. 

10. Level. — A spirit level should invariably be used with the template to 
ensure that the edges of the metalling are truly level. 

11. Bolling and Consolidation. — The metal should then be rolled, com- 
mencing at the edges and working towards the centre. The metal is to be dry 
rolled until W'ell compacted and there is to be no appreciable movement in the 
metal when w'alked upon, or no appreciable wave in front of an advancing 
roller. The whole metalling should then be choroughly watered and kept 
saturated and the rolling continued until the consolidation is finished to the 
satisfaction of the engineer in charge 

(A rough test for finding, if consolidation has been satisfactorily completed, 
is that a loaded cart should leave no indentation when passing over the 
finished work. Another test is that if a piece of metal about the size of a 
walnut is put on the surface and a roller passed over it, it will bo driven in, 
if the consolidation is incomplete, bub w'ill bo crushed when it is finished). 

12. "Bajri" Binding or Blinding. — When consolidation is practically 
complete and not any earlier, the blinding material or “bajri” which has been 
provided (and which should contain no clay or organic material) should be 
spread evenly over the whole surface and bo of such a thickness as will w’hen 
watered and rolled, only just fill all interstices. After the spreading of the 
blinding material, the surface should bo well rolled and watered to such 
an extent that the blinding material is formed into a slurry. The slurry should 
be brushed slightly with besom brashes backwards and forwards in front of 
the working roller and the rolling and brushing should continue until the 
surface is passed by the engineer in charge. 

Nob more than one furlong of road should bo under operation in any one 
mile at one and the same time. 

13. "Bajri" Measurements not to he added, — The blinding material should 
be absolutely free from dust, sand or clay and should be screened before use, 
if necessary'. The cubic contents of the blinding material should not he 
measured and paid for separately from the metal, the spreading and con* 
solidation of such hajri being included in the rate for consolidation. 

14. No admixture of carfli. — No earth or other material should bo mixed 
with or spread over the metal, before, during, or after the consolidation. Where 
stone is completely devoid of any binding property and no small stuff obtained 
from scarifying, or separate collection, is available for this purpose, earth may 
he used (after obtaining the written consent of the engineer in charge) ; 
provided that the earth used is not more than 5 per cent of the stone con- 
solidated, and is not added till the stone metal has been compacted. 

15. Progress. — Unless approved by the engineer in charge, one day's 
progress for one steam roller should not be less than 3000'square feet or more 
than 4000 square feet (i.e., in terms of a 10 foot width not less than 300 feet 
or 100 yards or not more than 400 feet or 133 yards). 



6(k) 


Metal should not be sxjread more than 250 feet in advance of consolidation. 

NOTE: — Considerable diftei*ence of opinion seems to exist as to the efficient 
steam roller output per diem, vis., 

Punjab 3000 to 4000 square feet. 

Military Enttineering Services Handbook, Vol. Til page 150, 700 enbie 
feet 4J inches thick, 12 feet wide, or say 1870 square feet. 

Madras ) 1000 to 1600 square j'ards, say 9000 to 13600 square feet 

Orissa ) (a furlong IG feet wide). 

16. Watering completed work. — After consolidation, the finished surface 
should be kept wot for one week — this watei'ing being included in the rate for 
consolidation. 

Caro should be taken that no portion works loose for at least a month 
or until surfacing is carried out. 

17. Making up Bciins. — Work on making up berms should be at no time, 
more than two furlongs behind the consolidation work. Earth for the berms 
should bo taken from borrow pits, the edge of which should coincide w’ith the 
boundarj’ of the road land. The borrow pits should bo rectangular in shape, 
of uniform depth and unless otherwise specified, with lengths and breadths 
of multiples of 5 feet. Measurement for earth work in berms should bo 
those of the boirow pits. In towns and built-up areas, earth for berms should 
bo imported. 

18. Profile of Berms and Sides. — lievma should bo made up to full forma- 
tion width, w'ith straight edges and properly dressed side slopes. The earth 
should bo spread after all ruts have been filled. All clods should bo broken. 

19. Closing Hoad Diversions. — Whore scarifying, spreading of metal or 
consolidation is to bo done, the road should bo closed to traffic. Whenever 
it is possilbo to provide a proper diversion, the maximum length closed may be 
equal to one day's work of consolidation plus 250 feet for spreading. When 
such diversion is not nv.ailablo, all consolidation scarifying and spreading 
should bo done in such short lengths ns the engineer in charge may direct. 
Diversion tracks should, as far as possible, be beyond the berms and should 
be carefully maintained. 

20. ’ Barriers, Chankidars, Lights. — The road should be closed by the 
erection of barriers at both ends which should be suitably lighted at night. 
During day light, a man with red and green flags must stand about 25 feet 
in front of each barrier directing the tralfic. Night watchmen must also 
be provided to see that the lights bum all night. 
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DISCUSSIONS ON PAPER No. K (I) 


Mr. R. Trevor-Jones (Punjab):— I feel my paper deals with a very simple 
subject but at tbe same time an extremely important one. We have all 
realized that for many years to come tlio water-bound road will be the road 
for India; but my paper is nothing more than a compromise. To begin with, 

I have had no experience at ail of roadmaking in India other than the 
Punjab, and I have merely had to work on as many specifications as I have 
been able to get from various authorities in India. Whether it is possible 
to d.raw up a specification which will bo suitable for the whole of India 
remains to bo soon. In my opinion it will probably be necessary to have at 
least 3 or 4. For instance, a specification for water-bound which is meant 
to bo water-bound only, and for water-bound which is to bo tarred, must 
necessarily diiTer in essential details. Also when you have a wide 
divergence in local conditions, rainfall, geology, soil, material, etc. it is 
going to be very ditlicult to produce any specification which will cover the 
lot. However, I have tried and leave it to you to criticise. 

Mr. M.I. D. Mufti (M. E. S.) : — I congratulate the author for his very 
interesting Paper on "Collection of material for and consolidation of water * 
bound macadam." 

1, With regard to Golloction in stacks, vide page 2 (k), item 1, it is 
not always practicable to stack the metal outside the road berms. 

(t) In plain sections the metal should normally be stacked on the 
lower (i.e. outer) berms, leaving the upper berm clear for trafilo 
at all times. On embankments, of course, this is not feasible ; 
this should however always be decided by the Engiueer-in- 
charge. 

(ft) Metal for bridges and through cuttings should be provided by 
doubling the stacks of the approaches. 

(ill) The best place for collection of metal in hill sections will be 
against the pariipets except on bank or re-outrant comers, 
where metal will be stacked on the upper side in order not to 
interfere witlftho drainage. 

(tv) Metal must be screened and should not be accepted unscreened 
even on reduced rate. 

(v) It has been found by various experiments that about 11 cubic 
feet of screenings are obtained per hundred cubic feet of metal, 

(vt) In plain sections, screenings should be stacked behind the metal 
in stacks of 13 inches height (measured as 1 foot). 

(vit) Tn hill sections, the sci'eonings stacks are to be 10 feet by 
10 feet by 13 inches. 
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As regards consolidation of motnl the agency and operations should be 
organised in the following categories : — 

1. Preparing and maintaining diversions. 

2. Soai’ifying old road surface. 

3. Spreading inotal and cambering to template. 

4. Providing clay fiUets to retain the water. 

G. Dry rolling. 

6. \Vatering. 

7. Wet rolling. 

8. Earthen upper berms; spreading screenings and liglit rolling 

9. Cleaning up lower berms. 

10. Painting date of consolidation on inner faces of mile stone. 

11. Completing road metal diagrams. 


3. A report to be rendered after completion of each mile may be as 
follows : — 


Hoad 

Diamond 

Harbour Road 
. 

.Alipore Road 

Width of metal. 

12 feet 

9 feet 

Miles consolidated during >eiu’. 

67 

3 

Cost of consolidation per cent cubic feet. 

Rs. 3/- 

Rs. 3/4 

Date of commencement). 

20th July 1937 

3rd Aug. 1937 

Date of completion. 

8th Aug. 1937 

17bh Aug. 1937 

Whether completion date entered on mile 
stone. 

Yes 1 

j 

Yes 


4. As regards tbe quantity of work or progress, {vide para 16 of 
Paper) I -would say that tbe actual output of tbe consolidation completed in 
one -working day is about 1000 cubic feet. This gives the following 
figures : — 

Width of Metal (4j inches thick) 9 ft. 12 ft. 16 ft. 18 ft. 

Running feet per working day 300 ft. 220 ft. 180 ft. 160 ft. 

Days per mile including Sundays 20 27 34 40 

If two rollers are employed the time will be halved. It should be 
noted that the full number of labourers per roller must still be employed and 
it is not normally economical to use two I'ollers together. 
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The minimum labour required per roller is as 

Mates 

follows : — 
Coolies 

■ Donkeys 

Diversion 

• • • 

2 

• • » 

Scarifying 

1 

4 

• • • 

Side fillets 

• • • 

2 

• • • 

Spreading metal and screening 

1 

8 

... 

Watering 

• • • 

2 

« • ■ 

Berms 

1 

6 

4 

Total 

3 

24 

4 


Water carts may bo provided if considered necessary. 


5. As regards diversions {vide para ]9 of Paper) I would 
suggest that tbo length of the diversion should be allowed for 4 day's 
work, (1 spreading, 1 rolling and 1 setting and 1 extra, i.c., 1200 feet, 900 feet, 
675 feet, 600 feet for 9 feet, 12 feet, 16 feet and IR feet metal width). 
Barriers and diversions will be moved after a day’s task dady. 

On hill sections etc. where trafiic must go on the upper berms it 
will bo kept on the berms by a line of boulders along tbo edge of the metal. 

6 Regarding Safety Precautions (vieic para 20 of Paper) it is suggested 
that in addition to i-ed and green flags a red notice board of 15 inches by 
24 inches and 4 feet high marked "Road under ropnirs" in while letters and 
surrounded by 12 inches by 12 inches red flag should bo erected, 100 yards 
from the barriers or further away if a blind corner intervenes. White notice 
boards 15 inobos by 24 inches and 4 feet high marked ‘‘diversions" should 
bo erected where diversions take off. At night “Diversion” notice boards 
will c.irry white lights and red lights will he fixed to danger signs, baiTior.'; 
and obstructions outside the barriers, i e. metal heaps or rollers. This does 
not apply to roads that are closed at night. 

Mr. W-L. Murrell (Bihar): — If we take the length of water-hound matallod 
I'ond ^n India ns 60,000 miles, and assume the avonigo width ns 9 feet, w'hich 
is rcconsolidatod every fifth year with a donth of only 3 inches now metal, 
then simple arithmetic will show that, even if collection and consolidation 
cost only Rs. 12/- per hundred oubic feet in all, then India spends annually 
no loss than 170 lakhs of rupees on hor ordinary metalled roads, apart from 
surface-trentod road 

If this Congress can improve the technique by only one per cent, we 
will prevent waste of public funds of no less than Es. r,7n,000/- annually. 

(It might hero bo noted that this figure is about seven times the annual 
cost of holding this Indian Roads Congress— an expenditure which it is 
scarcely long-sighted to hegrudgo). 

Viewed in this way, Mr. Trevor-Jones’ paper and, indeed, useful dis- 
cussions on it are at-onco seen to be matters of very great importance. 

I regret that there are a few points about the paper with which I 
cannot agree, 

The introduction seems to givo the impression that Mr. Trevor-Jones’ 
proposed all-India specification is based on the accepted specifications of 
certain Governments, and on the M.E.S. Handbook, Yol. III. 
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I must say at ones that the proposed all- India specification seems to 
go directly contra in several important respects to Chapter X of the Hand- 
book, and to the Bihar Specification.** I have not seen any othor Provincial 
Government specifioation. 

A number of copies of the Bihar specification have been distributed 
among those present here, and the M.E.S. Handbook, Vol. Ill is readily 
available. 

My chief objection is to the proposed deliberate grading of the metal, 
to form what a concrete engineer would call a “workable mix ’ 

The M. E. S. Handbook and the Bihar specifications, on the other 
hand, make for what a concrete engineer would call a "harsh mix", i.e. an 
inter-locking collection. 

Vide pages 148 & 149 of Vol. Ill of the Handbook (1931) the normal 
gauge metal must pass througii a 2 inches ring but not through one of 
1^ inches. 

Vide page 1 of the Bihar specification, the Indian Bonds Congress 
specification for broken stone has been adopted to prevent fines and dust 
from coming into the stacks. 

Thera may be something to say for graded metal in places where 
basalts and other rooks having minerals of cementing value are used, but in 
Ghota Nagpur there is no such stone. 

This graded aggregate proposed by the author of the paper reminds 
one of the crushed rock collected for road work in Assam and in parts of 
Australia. More or loss altered, or rottdn rock, is put through the stone 
crusher of which the jaws are set to get a certain grading. The crusher run is 
then spread and consolidated with water. It is sometimes consolidated 
with a roller, sometimes simply by the trailic. But this type of aggregate 
is rich in good binders such as altered felspars, and, in any case, such roads 
are classified more as gravelled than as metalled roads. 

Ghota Nagpur uses chiefly good vein quartz, many varieties of quart- 
zite, and a few miscelloneous other metamorphosed rooks like epidiorites, 
generally with no constituent minerals of any cementing value. 

Failure on most water-bound macadam roads in Oliota Nagpur is by 
corrugation, and it happens most quickly where bad, brittle, crystalline 
quartz has been used, i.e. where steam-rolling leads to the quick formation 
of small stuff and sand. Such a resulting workable mix easily worked up 
into corrugations by even a small amount of motor traffic. ' 

My next objection is to the cost of the woik if done to Mr. Trevor- 
Tones’ proposed All- India Specification. 

In Chota Nagpur the P.W.D. now have a number of granulators driven 
from the road rollers in order to expedite the supply of chips for surface 
t reatment. With close control w e might turn out road metal something 

* Reproduced as Annex, page SO (k 1) 
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eimilar to the grading advocated by Mr. Trovor-Jones, but the cost of doing 
so would be at least twice the cost of ordinary road metal. 


As we now collect for only 3 inches loose depth or now metal as 
against the 4^ inches mentioned by Mr. Trovor-Jones. wf could not reduce 
the depth to make savings to moot the increased cost of the graded metal. 


With the District Boards, who have no granulators and whose 
supervision is often inadequate, I do not see how they could collect to any- 
thing like the grading required, even if the rate paid wore at least throe 
times tliat of ordinary inotal. 


There are also a few points in practical procedure which I would bko 
to remark on. 


Para 8 of Mr. Trovor-Jones’ paper puzzles mo. It starts in the same 
way as the specifleation in para 2 section 10 on page 152 of the M. E. S. 
Handbook, which latter says that tho object of raking the metal into 
haskats from the top of tho stacks is to free it from fine stuff ami- dust. 


In other words, it would seem that the effect of tho ju-oposed All- 
India Specification would be to loavothc fine stuff and filler in tho roadside, 
stacks. 


As regards hand-packing tho biggorpioces (l inch to -J- inch) holow, and 
the smaller pieces (i inch to i inch, to say nothing of the filler) on top, this 
seems impossible unless the two are screened out and the larger stuff is 
spread first. EKperionco shows that oaoli time a dry graded mix is handled, 
the fine stuff tends to go to tho bottom and tiio coarse stuff to remain on 
the top. 

Then Mr. Trovor-Jones, in tho same p.'irn 8, states that there should 
be no Docessity to withhold any metal for rectification. 

In Bihar wo are most particular about this very point, as will bo 
seen under para 7 (b) of the Bihar speoifioation. It scorns to us 
that everything humanly possible should bo done to prevent tho pitching of 
motor vehicles, so as to give more comfort to motorists atjd in order to 
decrease damage to the road. 

On yet another point I am somowhut disappointed that Mr. Trovor- 
Jones disregards the Chota Nagpur practice of snlvngo edging described in 
para 5 (b) of the Bihar spooification. By this practice we have boon convert- 
mg 9 feet width of metal surface into what is, to all intents and purposes, 
a 10 feet 6 inches width, and this practically witiioui any additional 
expenditure. This is a groat gain in these days of fast trallio. 

.To conclude, it is at least apparent that, while standni-dizabion of 
practice 18 our common goal, one specification cannot possibly cover the 
whole of India. 


road metal vary so greatly in its oharactoristica. but 
the chniate and locality will decide whether tho water-bound consolidation 
Irak’s, ^veather, as in the Punjab, or during tho monsoon, 
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It is hopod that vavious spooifications for wulcv-bound macadam will be 
tried out on the Tost Track; but in this connection I must sny that, so far 
as water*bound macadam surfaces are concerned, it is useless to do an 3 ' 
testing with wheels that are simply dragged round the track. The wheel 
must be self-driving, and tlie ratio of the unspning load to the total load 
must approidmato to that found in the average motor vehicle. This 
equipment would bo very expensive, however, and it is doubtful whether 
funds could bo found for it. 

I would suggest that a few points might ho adopted from the JJihar 
specification when the sots of .'\ll>India specifications are being drafted. 

I cannot close mj' remarks without expressing thanks to the author 
for his excellent paper. If wo can got outsets of standord specifications for 
water-bound macadam to cover varying conditions, the tax-payor will be 
greatly indebted to Mr. Trovor-Joncs for having sot the ball rolling. 

Mr. Brij Mohan Lall (Punjab) : — Mr. Trovor-Joncs should bo thanked 
for producing standard specifications for collection of materials for and 
consolidation of water-hound macadam, which is, and will for over remain, 
the basic foundation of nil roadwork in the country Tho existing specifica- 
tions for the work, hovvover, differ from province to province, and standard- 
ization in this respect is indicated to involve ns far ns possible n uniform 
practice in all the provinces. The specifications drafted by the author 
arc quite suitable except in some minor details. Some amendments are 
suggested in the following note. 

In para 1, Collection of matorlals, it has been suggested that in hill 
sections metal should ho stacked on special platforms or sidings located oft 
the roadway at suitable intervals say' two furlongs. 1 n actual practice such 
a procedure will be found to bo very expensive. To provide only four 
platforms in one mile for stacking about 20,000 cubic feet of nictul, that is 
ordinarily required for one mile, will require, each of them, to bo about 5000 
square feet in area. Such a largo level space is very diilicult to obtain 
in a hilly country except at a prohihitivu cost. It is therefore suggested 
that this sentence ho amended ns follows: — “Jn hill sections, metal should 
he stacked at places where it is likely to cause least hindrance to trnflic at tiie 
discretion of tho officor-in-chargo”. 

Design of watoi-bonnd mnendarn. — I agree with tho author that a 
lighter thickness than inches should be suilicicnt for water-hound macadam 
when tho surface is to he water-proofed. A 3-inch thickness of suitably 
graded material should meet the requirements, in my opinion. The grading 
suggested by him on page 3(k), however, appears to contain too much of fine 
material. The biggest size of stone suggested by him is one inch which is 
smaller than what is used even as aggregate in a cement concrete mix 
for roads. 

^loreover tho mixture suggested by the author will be too expensive 
A 3-inoh thickness of such a mixture would cost more than oven a inches 
thickness of the 2 inch uniform metal now commonly used. Tlie following 
grading will probably be found suitable, and will not cost much more : — 
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2 inch to ] ^ inch 
inch to 1 inch 
1 incii to ^ inch 
under ^ incli 


50 pdr cent 
25 per cent 
20 per cent 
5 per cent 


In addition to the above material, wJiioh will bo initially laid for 
consolidation, about 5 to 10 per cent of bnjri under } inch will bo required 
for the purpose ot binding or blinding referred to in parn 12 of the papor. 


Para 4 of Paper — Surface Scoring. — Por resurfacing of old inotalling 
a better job is likely to bo obtained if the whole surface is scarified to about 
2 inches thickness, and the scarified material rclaid to proper camber after 
screening off dust. This method provides a better Icoy than tho more 
scoring of the old road surface. This, however, is not rcoonimendod when 
the crust of the existing metal is too thin. In tho footnote to pnra 4 a 
doubt has been expressed with lognrd to tho eflicioncy of providing a thin 
layer of earth under the now metal to'act ns a cushion and to work up between 
interabices of metal. In case of construction of new roads where tho soling is 
of bricks, brick metal or stone, this procedure has been found very useful in 
providing a bond between tho soling and tho wearing coat, and in binding tho 
now metal from thp bottom. In case ofromottiliing or whevotho soling coat 
IS of kiinkar, the layer of earth is not, however, necessary*. It is suggested 
that para 4 be amended as below : — 


of shb'BrRdo.~{a) Now MotalHng-Tho soling coat 
should bo laid and rolled to tho specified thickness and enmhor, and, unless it 
should bo covered with a one-inch layer of earth to act ns a 
cushion, and to work up between interstices of metal to provide an adcqualo 

surface, unless tho crust is tool bin 
S thickness of about 2 ineboB. Tlio sc.nriliermctal 
rollo/ specified camber after screening off dinsl and licbtlv 

.part i„ order ro provide . k.,. Doep pM-holol"!"^ poloW^^^^ 

ot 6ho p»m K°BpS‘tod'to”i«®«raoSlri»fev ^ 'onloooo 

'Whop tho Bub-grado Im, boon proparod in aooordanoo vvitl. para i-. 

ted in para 10— %upor.i?rvat?ou" »»'»simuiii siiper-olovation sngges- 

templateg tor orosB-siopes 1/7 and 1/1 otjtoadaia 1 in 12 

tore bo of oroBs-Blopoa 1/12, l/io! 1/18 ^id *‘’”7 »houM thoro- 

ot * I'o two aonlono,, 

watered to anch an oateTlh„; ^ bL,Lr «>»“'' "nJ 

Btarp. B»an.onatotwatoringBuB«Lted i”lo » 

spoil the consolidation. Watorhic sK ? i ? '®,®’'ceBsi vo, and is likelv to 

s s' "‘"i- “S bT 

“ ™ ^oo"”.£ 
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a liraib. In para 15 of the paper 3000 bo 4000 square feet has been suggested 
as one day’s progress for one steam roller which is equivalent to 250 feet to 
333 feet of a 12 feet wide road. Therefore, if each operation viz. scarifying 
praparatiou of sub-grade, spreading metal and consolidation is carried out for 
a length of 250 feet to 300 feet, the total length under operation cannot be 
less than two furlongs, if satisfactory and continuous progress of work is 
to be obtained. This limit should therefore be raised to 2 furlongs. 

The paper does not include any specification for the soling coat. It is 
suggested that a suitable standard should also be laid for thickness and 
consolidation of the soling coat. Hitherto it has been a practice to. provide 
a 4^ to 8 inches thickness of brick, kankar or stone for soling coat ; this, 
however, appears bo be on the higher side. Recently in the Punjab, experi- 
ments have bean made on a large scale in widening existing roads by provid- 
ing a soling coat of only three inches thickness of overburnt brick metal, or 
omitting it altogether where the berms were too hard, and have proved 
successful. This aspect of the problem deserves further consideration at this 
Congress. 

Eai Sahib Fateh Chand ( United Provinces ) : — I congratulate Mr. 
R. Trevor-Jones for bringing forward this useful Paper. The work of collec- 
tion of material and consolidation of water- bound macadam is common and is 
largely done in almost every part of India. Yet the specifications available 
on the subject differ so much from each other that it is a puzzle to the 
engineers as to which to follow, in the absence of any standard specification 
from the Indian Roads Congress. 

1 suggest the following points to be considered in connection with the 
above paper : — 

1. Collection : — ^The stacks should be continuous and of uniform 
section which should be the same as required by calculation for the width 
of the road to be renewed, so that the total length of the stack for each mile 
should be 5,280 feet. Gaps should be left not only for drainage but also at 
all points where the road width does not permit of stacks being made on the 
road-side without causing obstruction to road trafiic. An equal length of 
stacks for such gaps sliould be made by laying a double lino of stacks along 
the road nearest to the gaps taking care that no stack is laid within 10 feet 
of the edge of the metalled portion. The bed of the stacks should be properly 
levelled and passed by the overseer-in-chnrge before stacking is done to 
avoid the common trick by contractors of taking advantage of central' high 
portions of the ground in stacking. 

2, Measurements : — In the case of stone-metal, stacks should be made 
only 12 inches in height which should be measured as 1 foot, as per United 
Provinces Public Works Department's specifications. Stacking should not 
he allowed piece-meal. It should be started only after the whole material, 
required for each mile, has reached the road-side and should be 'completed 
within 10 days. The overseer-in-charge should see, wliile stacking is in 
progress, that the stacks are made of full size. The work should be 
measured, checked and passed within a fortnight of the contractor’s or 
subordinate’s report about the work of stacking imving been completed and 
the. contractor should be bound to accept the measurements found to exist 
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at the time of checking ijy the officer authorized to pass tiio measurements. 
If no checking is done within a fortnight of stacking, the checking officer might 
get a portion of the stack broken up and tlie metnl thereof restacked and in 
such cases the measurement of the newly made stacks should be accepted by 
the contractor. An addition of some such provision as suggested above is 
required to prevent disputes in measurements to avoid which something 
sliotild i»e done by laying down the method of checking moitsureinents in 
cases where the stacks lose their original size and shape duo to lapse of 
time or some other such cause. 

3. Thickness of Coat: — The usual thickness of the renewal coat should 
bo 4^ incites. If, however the base con-sists of more than six inches of road 
metal the tliickness of the new coat might he reduced to 3 inches only' so that 
the total thickness of the metal old and new shall not be less than 9 inches 
but tile surface of the old metal should be scarified or wholly picked up to a 
depth of inches at least, so that there shall be a total thickness of 4^ 
inches of the loose metal to he consolidated. If the thickness of the layer is 
less than this or if it is uneven, tlmt is, somewhere it is less than 4^ inches 
and soinewliero more, the surface is bound to break up very soon. To avoid 
this the old surface must be brought to template after being scarified. 

4. Grading : — Tiiis is a very important matter and there is great 
divergence of opinion on it. I consider the following proportion to be most 
suitable for water-bound macadam : — 

1 inch to inches gauge 30 per cant 

J inch to 1 inch gauge 50 per cent. 

J inch to f inch gauge 20 per cent. 

5. Scoring: — If the road surface is undulating, the whole surface 

must bo scored up and brought to template. If there are ruts on the old 
surface, the coutral edge and the higher edges of the road should be scored 
up so as to fill' up the ruts. If the surface is neither rutted nor badly out 
of template then the scoring might be done in lines at 45 degrees to the 
lino drawn across the width of the road. These lines should usually be 
6 inches apart but not more than 9 inches in any case 

6. *\DauIas ” : —Care should be taken that "daulas" are laid correctly 
over the edge of the road in straight lines or in the curve of the road by 
means of guide strings. Where the road patries are lower than the 
metalled portion, the width of the “daula” should be 8 feet at least to 
prevent displacement of the road metal under the pressure of the roller. 
The inner edge of tlie “daula" should be made'vertioal and nob sloping as 
is usual with the labourers. The distance between the inner edges of the 

daulas" may be 3 inches less than the actual width of the road which 
will, after consolidation, be found to he equal to the width of the road. 

7. Camber: — It should bo the same as suggested in my Note in 
connection with Paper No K (II). 

8. Spreading: — Some metal should he withheld for levelling the pat- 
ches noticed during the course of consolidation which are inevitable on bad 
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surface. Old patches should be roughly repaired as the metal is bound to 
sink and patches are sure to foi'm if this is not done properly before 
spreading new metal. Hand-packing should he carefully done. 

• 9. Blinding; — This might he done with local sand instead of 
shingle but not with ordinary earth. 

10. Progress ; —This should depend on the quality of .metal used, 
labour, water and on the type of roller used. 

11. Berms : — ISarthwork done on berms should be paid at L. S. rates. 
Earth should be taken from drains neatly arranged near the road boundary. 
Boad crossings should he properly dressed upto a distance of 1 chain on 
either side of the road. 

12. Prevention of ruts : — Earth, brick-bats, broken stone or lianher 
but not boulders might ho used for diversion of trailic to bring into use 
every portion of the road width instead of using the track formed by the 
first cart tending to form ruts at these places. 

13 Watering after 'consolidation : — ^It'is very necessary that the 
suifacc should he kept well watered for at least one week after 
consolidation. 

Sir, 6^, B, Vaswani, (Karachi): — If these specifications are meant to 
Mut rural and urban I'oads, a few changes are required to bo made. 

In the item "Oolleotion of Metal”, the word "continuous stacks” may 
be changed to "stacks of suitable length”. 

The following are the disadvantages of continuous stacks : — 

(a) They do not provide crossings for the cattle and for the farniers 
to carry their produce. The cattle will, therefore, spoil the 
profile of stacks before they are measured. 

(&) Continuous stacks are advantageous for the contractor aud 
not for the Engineer. The Contractor will place his template 
over the stacks at a few places, thereby proving his honesty 
that the whole length of stack is to the template, but actually 
intermediate portions may not be correct to the template. 

(c) There is always the possibility of m.iking a mistake of a tape 
length in recording the lengths of continuous stacks. 

(d!) Per checking purposes small stacks are easier ' than long 
ones. 

As regards making of stacks absolutely clear of the road formation, it 
is not possible in cities, where not more than half the road wddth is to be 
blocked at a time. 

I do not agree that 4^ inches thickness of metal is heavier than 
necessary, particularly if the surface is to be painted. 

If the road is to be waterproofed by surface painting, you provide 
only ^ inch thickness of layer. In that case all the loads are carried by 
water-bound road. Any reduction in thickness of metal will result in 
breaking the road surface and causing pot-holes. 
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Size.' — As regards size of rantal, I am not in favour of using smaller 
size than 2 inches. In case of soft metal the size may safely be increased 
to 2^ inches. 

Soft metal of small size will break and he crushed into powder under 
roller before proper consolidation is completed. Hard stone is not 
obtainable in all parts of India. Local stone has therefore, to be utilized. 

Grading. — If the grading of metal, as suggesied by the author on 
page 3 (k), is adopted, it may look all right theoretically, but in praciice the 
contractor will supply you more of dust and chippings than the graded 
metal required. 1 would rather insist that the contractor should stack 
2 inches size of metal separately, so that one is sure of getting proper size 
of metal. Ho should collect screenings in separate stacks. 

Spreading. — The larger size of metal should be spread first to proper 
levels and then consolidation should he started. When the metal has been 
well consolidated, small chips should he spread to fill up voids and then 
further consolidation should ho continued till no sign of movoment in the 
metnl is observed. After this, blinding (sand and viooram) may be spread 
in a thin' layer to fill up the interstices. 

A thick layer of the blinding material helps in covering defects 
of a had road. 

Mr. M. Mahapatra (Cuttack' : — I would hko to make the following 
suggestions : — 

1. Collection in Stacks,— It is not convenient to have continuous 
stacks on the road-side laud outside the berms. Collection in standardised 

7_x 3 

stacks of, say, 20 foot by — feet by 2 foot size will bo better. 

2. Measurements. — The procedure mentioned by the author is adopted 
in some places, but the bettor method would he to calculate the required 
quantity of loose material for a certain thickness of renewal and measure the 
collection in standard stacks without giving any ullowanco for loose quantity. 
‘Formas’ or ‘gauges’ should lie constructed ncoordingly with steel plate 
linings and be checked periodically. 

3. General. — As the currency -of maiutennuco estimates expires in 
the month of .Tune and as the best season for collection is from November 
to May, metal required for consolidation and patch repairs during the 
period .Tuly to November is to be collected by the end of April preceding. . 

For the sake of convenience collection and consolidation should ho 
carried out by full furlongs instead Of miles as stated in the paper. 

’ Design. — For a B class water-hound macadam road at least 3 inches 
thickness of motnlling is necessary if the sub-grndo is smooth and 6 inches 
over new soling, add for suoli thickness hard granite metal of the size 
staled below has been found to give satisfactory results : 


2 • 

inches to 


inches 

gauge 

... 10 

per cent. 


ihches to 

1 

inch 

gauge 

... 7 b 

per cent. 

1 . 

inch to 


inch 

gauge 

... 10 

per cent. 


inch to 


inch 

gauge 

' 5 

per cent; 
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4. Surface scoring. — The full width of the read to be renewed should 
be picked to a depth of 3 inches or so, and the old layer of metal should be 
completely removed. Then the surface is to be rolled once and using clean 
well-sorted old metal, proper camber is to be formed. For super-elevation of 
about 6 inches, the outer half of the road will have only line picking and 
then to be formed to required slope with the metal removed from the inner 
half. 

6. Elging bunds or “DaulasV. — In practice these bunds do not serve 
their purpose well. These are damaged by rolling the edges and, even when 
properly maintained, do not show the condition of the road iis formed during 
the process of consolidation and necessitate frequent use of the template 
to check the camber. The better method is to re-form the low berms prior 
to consolidation and allow the water to flow from the road surface to a sump 
either in the side drain or berm whichever be convenient and to re-use the 
muddy water thus collected. Any damages caused to the drain or berm 
during the process of consolidation should be made good as soon as the 
rolling in over. 

6. Gatnbar. — It is always on the safe side to give a bit steeper slope 
espeoiallj' in water-bound roads of the locality subjected to heav 3 ' rainfall. 
Cambers of 1 in 48 and 1 in 24 to 1 in 30 in tar-surfaced and water-bound 
macadam roads respectively are giving satisfactory results. 

7. Super-elevation. — In giving super-elevation core should l)e taken not 
to change the main gradient of the road. Centre of the rood should continue 
to have the same longitudinal gradient and necessary amount of cross slope 
should be given by raising the outer edge and lowering the inner edge. In 
curves of radius less than 500 feet, super-elevation should be limited to 
1 in 20 and it is to be seen that any section of the rond must have some sort 
of cross slope, either camber or super-elevation. 

8. Spreading metal.— Generally a proper camber is not obtained in 
one spreading. During the process of consolidation, even when the' edges 
are protected from sliding, numerous waves and depressions are formed, ond 
for mending tliose, at least 5 per cent of small size metnl is necessary. 

10. Level. — By fixing a plumb-bob to the template, level of the edges 
metalling can simultaneously’’ be checked along with the camber. 

11. Bolling and consolidation. — Bolling without water crushes the 
corners of metal and weakens the consolidation. Hence water should be 
sprinkled over the spread metal before commencing the first rolling. 

12. Bajri, Binding or Blinding. — For proper consolidation certain 
percentage of clay is necessary. Bed gravel consisting of • pebbles ^ inch 
to 1/16 inch size with a mixture of fine, particles and red earth to the extent 
of 10 per cent forms a good binding material. If the gravel contains a higher 
percentage of clay the quality can • be improved by adding sand. Blinding 
material should not be spread in thick layers. Spreading should be in 
several thin layers well watered and brushed till the interstices are completely 
filled in. Watering and brushing 'should be continued throughout the process 
of consolidation which will be considered as complete when •water does not 
go into tlie metalled surface but can be seen moving with the roller. Imme- 
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diaboly after water-rolling, if the road is to be opened to traffic, the now con- 
solidation should haye a sund blinding ol ^ inch thickness to give a non> 
sticky surface. As soon as the road surface is a bit dry, which it generally 
gets on the next day, tbs surface should be rolled once again. 

V 

18. Bajri, measurements nob to be added. — As the quantity of blinding 
material differs for different sizes of the metal, amount of rolling, and quantity 
of water used, it would bo reasonable to measure the quantity and pay tor it 
separately. The rate of consolidation should bo exclusive of the cost of 
materials, otherwise there will be the difficulty of stacking advance collection 
to bo used up in the succeeding rains. 

15. Progress — If water lead does not exceed 400 feet, 2000 square 
feet of 3 inch thick hard granite surface in hill sections or 3200 square feet 
in plains can he completed in a day with an 8 ton Road Roller Picking, 
spreading and .consolidation each should proceed one day in advance of the 
following operation, that is, if the daily avernge of consolidation is 220 feet, 
picking of 200 feet with an equal length of spreading of new metal, may 
be permitted on the same day when the first 220 feet of tho road is under 
consolidation. In hill sections, where there is no possibility of diversion, 
loose raotnl should not be left on tho road surface at the end of a nay's work. 
Any portion picked up should ho thoroughly cleaned of old metal and any 
new metal spread should bo rolled and surfaced with a layer of gravel for 
water-rolling to he done on tho following day. 

16. Completed Work. — Watering and Maintaining. — One week’s water- 
ing may be sufficient if the road is closed to traflic. J3ut for tho roads to bo 
used immediately after consolidation is over, the minimum period of water- 
ing should 1)0 2 weeks. The oomplotod work is to bo lUiiintainod by tho 
contractor for 3 months by blinding with gravol at nn interval of 15 days 
or shorter period as the conditions require and removing other defects which 
may appear during tho above period. 

17. ^ ]Making-up Morms.— -Making up horms siiould bo done in advance 
of oonsolidalion. but in cases whore this cannot be done, duo to ronjo 
reason or another, both consolidation and ro-forming horins should go on 
side by side. Tho borrow-pits should have diagonal 'thondoos’ and bo so 
located that those can bo easily drained. 

. 18. Profile of berms and sides. — .At supor-olovations, tho side berms 
should bo in tho same continuous cross slope as tho inotallcd portion. 

Mr. Syed Arifaddin (Hydorabad-Decoan):' — Many of our engineers pro- 
bably remember by heart tho specifications relating to collections of material 
and consolidation of water-bound macadam. On principal points wo all 
practically agree, differonoos will ho of minor nature and tho compilation 
of the specifications can. ho loft to tho Technical Committee. There are just 
three points ori which I would like to say something : — 

1. Oollection in stacks. — There should be a fixed numhor of stacks per 
furlong and these should ho of uniform dimensions; tho height should be 
more than 1 foot preferably to 2 foot. Sectional area should bo a 
convenient number, say 10 or 16 square foot. There is no harm if one 
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stack ill each furlong diffora in longfcli from otl>ors to make up the 
roquirod quantity. Thoro are two objections in my mind to one continuous 
stack. 

ia) Tho width on the top is very small and the section gets 
disturbed very soon on account of which tho checking becomes 
very difficult. This will induce the labour to rob tho material 
without being detected. 

(6) Tho height is to bo kept too low. The small height has this 
disadvantage in the case of metal of 1^. inches gauge that it 
inoroasos the possibility of error in incasiirment. 

2. It is rather difficult to obtain grading oi definite porcentago oven 
if we allow 10 per cent variation. Unless by actual tost tho advantage is 
proved to be so groat as to justify tho extra expenses, I do not think it should 
become n general practice. In tho Code of Practice it is bolter to specify 
two proportions, one which is easily obtained and tlio other which is 
spooinlly graded, mentioning the works whore it can justifiably he used. 
Tho usual practice is to use 1^'inch gauge metal. It may ho specified 
whether tho gauge should bo “Circular’’ or “Square” one, and also whether 
the stone should pass tlirough in all directions or it is cnoiigli if it passes 
through ill any one direction. I think whore hard stono is not nratlablo and 
we are obliged to have soft material, 2 inch gauge stono may bo permitted. 

3. In connection with rolling tho metal, it will ho better if the 
I'lngineers make experiments on tho number of times tho roller has to pass 
over tho road, dry and wot, in order to cnnsolidiito it suificiontly and send 
the result to tho Technical Committee. It will ho useful if this is also 
incorporated in tho sjiecifications for guidance. 

Mr. X. E. L. Pennell (Chairman):-»-I do not t.hink wo have time to 
finish off now. If any other member wishes to speak on this subject he 
may do so after lunch. 

(Continued at 2-SO pm after lunch) 

Mr. Eildar Hosain (Hyderabad-Deccan) : — The author has rendered a 
great service to the Congress by bringing about discussion on the subject of 
such fundamental importance ns tho Layout of Bonds, and Collection and 
Consolidation of water-bound macadam. It need scarcely bo emphasised 
that water-bound macadam road is going to bare an unassailable position, 
for a long time to come in the scheme of road construction in India. 

I may, however, draw his attention to tho fact that if tho Code of 
Practice is to be made applicable to all-India, it should cover tho require- 
ments of the different provinces. There is another point, viz. that the 
paper has been written primarily with a view to reconstructing road surfaces 
but if it is going to apply to new surfaces, I mean now constructions also, 
provision has to be made in regard to the consolidation of a coat of metal as 
far as 6 inches thick. 

I shall now pass on to a few points: — 

Measurements — It is stated that the metal stacks should be 13 inches . 
high" but measured as one foot. It is also stated in tho preceding para that the 
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stacks should be continuous. The practice in different parts of India with 
regard to the lieight of stacks is probably different. As far as I am aware, 
therp is no standard height and consequently the size of the stack. ^ For the 
stacks to be continuous and one foot high, the size of the stack will have to 
vary according to the thickness of the metal coat proposed to be laid. 
In many cases, for several practical reasons, it is generally not possible to 
resort to continuous stacking. If, on the other hand, the stacks are not 
continuous, hut laid in different sizes and in a haphazard manner, the time 
spent in checking the measurements and the arithmetical calculation is 
oonsidorahle. 

I would therefore suggest that instead of one foot standard height, it 
would he of practical utility if the size of the stack is standardized. For 
several reasons such as economy of space etc., it would be preferable to fix 
the height of the stack as feet. By fixing the size of the stack, the 
number of stack.s per furlong can also bs fixed. This would facilitate 
checking and save time in calculations. 

I may explain this by taking a concrete example. Taking a 3 inciies 
coat of metal — 

The quantity required for a 12 feet width of road surface 

= 5280X12 X.L = 15,840 c.ft. 

Quantity required per furlong = ] ,980 o.ft. 

If ‘n’ or the number of stacks is 20, Q per stack = 99 c.ft. 

Lot Height, h ho -3 foot. 

Then A or the area of each stack — G6 square foot. 

This means that the average size of the stack will bo 11 foot by 6 feet. 

If the thickucBS of the metal coat is 4^ inches, the number of stacks 
will have to bo 80 per furlong and if G inches, it will ho 40. 

Even if tlio height of 1^ feet is not agreed to, the size of 11 foot by 
6 feet by 1 foot, lends itself for practical use, as then tlio number per furlong 
will only havo to be increased from 20 to .30. So, whatever height is finally 
approved by the Congress, the size of the stack is, in my opinion, an 
important point to bo decided. 

In actual practice, the top dimensions of the stack will have to bo 
9$ feet by 4^ foot in the case of feet height, and 10 foot by 6 feet for 
1 foot height. It is ussumod in these cases that the angle of repose of 
metal is 46 degrees. 

Another point in favour of non-contiuuous stacks is the rocoinmonda* 
tion for graded inotal made in the top para on page 3(k). I am inclined to 
think that instead of making jin assortment of different grades in one stack, 
it would 1)0 bettor to havo separate stacks for the different grades of metal. 

Design. — It is not clear how the metal coat of 4^- inches thickness is 
said to be usual in India to specify. The thickness is usually 6 inches on 
an average. Ecnewul of the surfaco is done according to the actual wear 
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that .takes place in a metal surface. Thus, if the wear has been 3 inches, 
the reconstruction is specified to be 8 .inches, although on actual 
compaction and consolidation, it is more than 3 inches in the centre and 
«less at the sides. 

It is stated that working by this method a thick coat of metal is a 
necessity since consolidation of a thin coat cannot be effected. It would be 
useful to define the limit between a thin and a thick coat. 

"With regard to the grading of the metal, it is seen that the maximum 
size of metal is now presented to be 1 inch, whereas the limit of the size 
now generally prevalent is 1^ inches. Reduction in the size and the 
introduction of the proposed grading would mean that the rate, for -metal 
collection will have to be revised. However, while there can be no dis- 
agreement about the importance of grading, a more suitable grading -would 

bo'*'"** 

inches to 1 inch ... 50 per cent. 

1 inch to ^ inch ... 25 per cent. 

^ inch and below ... 25 per cent. 

Surface scoring. — The work of cutting ridges and using the materal 
or filling ruts appears to be uncalled for. Merely filling the old metal into 
the ruts .without scoring the surface will not produce the bond which is 
necessary. A proper plan would be to pick the entire surface to a depth of 
1 J inches and to spread the old metal uniformly. Over this the new coat 
of metal should be spread to a proper camber. 

If picking is done in bands 12 inches apart, it will still leave strips in 
between, which will have,no bond for the new coat of metal. 

In the case of some of the roads with inuram surface, w-hich were 
metalled it was found that picking the surface on the strip method (after 
thoroughly watering the surface) but with strips at 45 degrees, gave much 
better results than the usual process. 'Longitudinal strips have also the 
tendency of introducing coirugations in the metal surface. 

Camber. — It is necessary to specify that before spreading a new coat 
of metal, the sub-grade should be formed to a proper camber so as to provide 
a uniform thickness of metal coat. Otherwise, the thickness of metal 
would be more at the crown and less at the edges. 

The reference of l/7, l/lO, 1/15 and 1/20 for camber templates needs 
elucidation. 

Blindage.— The process of consolidation is said to be complete with 
the spreading and the consolidation of blindage Tt wmuld be desirable if a 
minimum thickness of blindage is laid down in order that there may be 
neither more nor less than necessary use of this material. 

The practice in Hyderabad is to have a muram blindage of ^ inch 
thickness After this is consolidated, another i inch coat of sand, called 
‘topping’, is spread while the blinded surface is still wet. This has given 
very satisfactory results. 

The Paper does not mention the width of the road surface to be taken 
up for consoliaation. Opinions differ on this point, some being in favour of 
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half width and some in favoiii’ of full width to be taken up at a time. 
It may however be mentioned that if the widtii to be consolidated is 12' feet, 
it is desirable to take up full width, as otherwise the width of the roller 
•will not fully cover the half metal width. 

Mr. T. Lokanathan (Coimbatore) ; — This is* certainly a strikingly 
common but nevertheless highly important subject. Some of our friends 
have voted for five minutes to each speaker instead of ten minutes proposed 
by the Ghairma^n. This shows that we are feeling somewhat disgusted 
about the old stale water-bound macadam. Perhaps it is not really disgust 
but a feeling that nothing more has been or could be done to improve 
water-bound macadam. Ever since 1 entered service, for the past 18 yeai's I 
have been Boad Engineer, making new roads and maintaining the old. I 
have been facing the problem I stiU meet-to day. With the advent of heavy 
motor traifio and increasing volume of cart trafiic, it is heart-rending to see 
the road-surface going into wheel tracks and pot-holes. Our ideal has not 
bean achieved. Not that we have been dull or reluctant ; we have keen at 
the pi’oblem and have not solved it. 

This year I tried the use of lime kankar for blinding the water- 
bound granite. By lime kankar I mean the nodular stuil of si^e between 
{r inch to 1 inch. Tiiis sort of thing is available at even shorter leads than 
the usual gravel we have been using and which is really mere earth for 
70 per cent or something like that. We do not want 'the metal to move 
about in a consolidated surface. We w’ant it to I'emain in place and avoid 
attrition but we had not been successful in avoiding attrition so long as we 
used the earthy gravel. When we use nodular kaiikar and do careful 
consolidation, the granite metal stays in position ns in a sort of concrete, 
tlie surface is smooth and compact without tendency to unravel. The sur- 
face does not become very dusty ; by the way, it serves also as an antituber- 
cular measure. The white surface which we get affords greater reflectivity 
to motor oar lights at night. 

I do not like super-elevation on water-bound granite-macadam. It 
would be nice to do it on tar and concrete surfaces; if done on water-bound 
macadam, the surface unravels ; and neither the motorist nor oartman will 
thank us for it. 

For a day’s work with power-roller, about tw’o-thirds of a furlong 
for remetalling tw’elve feet wide .and thi'ee inches thick will do. 

I do not know what reseai'ches you have made for the quantity of 
water required for water-bound consolidation. I took some statistics and 
found that in very dry areas about 75 percent of the quantity of metal and 
in others 50 percent w’ould be alright. 

Mr. Dildar Hosain referred to the Madras practice in control on 
contractors and wished to know how it w'as done. It is done by the simple 
expedient of keeping back final bills for three months after the consolidation 
is done; if in that period anything goes wrong with the surface the 
contractor .has to rectify the defect. 

After once the consolidation is done well avoiding attrition of metal, 
when wheel tracks start forming due to wear under the steel tyre of the 
cart, we close the wheel tracks with new metal and keep the surface to 
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proper camber. Frequenb blinding is also useful to maintain the surface free 
from tracks and unravelling. I think some gentleman said that blinding of 
the surface is really 'Blinding' which serves to hide the bad condition of the 
surface. It is not so. Frequent blinding serves to keep the stones in position 
and I have' shown to soma friends that whether blinded or not, dust arises 
out of macadam as the pneumatic tyre of the fast motor car is not^vanting 
in resource to suck out dust even from an unblinded surface. 

Mr. S. A. Amir, (Bihar): — It is not my intention to either criticise or 
suggest any improvement on the specification put forth by the author of 
this paper. I believe it will be of interest to the members to know if any 
work according to this specification has actually been carried out and it so 
how the result compares with the usual work done with 2 inches metal as 
specified by Indian Eoad Congress. If any figure of the actual or probable 
cost of consolidation with the size and grading of metal as suggested by the 
author could be given compared to what it usually is for the common method 
of consolidation for the same locality this will also be useful in coming to 
any conclusion regarding the practicability of specification recommended by 
the author, I hope the author will please enlighten us on these points. 

Mr. H. Hughes (Rangoon): — In Papa 2, " AXeasurements,” the author 
advocates counting 13 inches height as one foot. I dislike this idea very much. 
The author suggests that the 13 bh inch is to allpw for loose stacking. It is 
well-known that by filling the stone measuring box from different heights 
different results in the quantity can be obtained ; so the false unit of height 
seems hardly the way to get over the difficulty about loose stacking. If it 
is necessary to be very precise, the Specification could state the height from 
which the stone was to be poured into the box but in practice it is sufficient 
to see that the stone is poured in from a reasonable height. It has been 
urged that -the 13 inches height takes account of the voids in the stacks of 
stone but the voids in the stacks are very much greater and moreover the 
voids in different size of stone vary. It has also been urged that 1 inch 
extra height provides for the amount lost on compaction. That again is 
• incorrect. So.it seems that the false unit is nob based on any sclenbifio data, 
and the length of time that it has been in force need not cause it to be 
regarded with sanctity or its abolition with regret. 

In Para 6, Camber the author has used the word "camber" in the 
sense of side slope; the Congress should lay down the definition for “camber". 
In the Specification” which has been handed round just now, a definition has 
been given, but it seems to make matters more confusing. The American 
definition of camber is total rise over to.tal width which seems logical. 

Mr. B. S. Puri ( Central P. W. D. ): —I would like to say a few words 
about the Road chart which wo fouud very useful in Burma. ' This chart 
gives the thickness of metalling (soling and metalling) in 'different furlongs of 
different miles of a road. Copies of this chart used to be hung in office rooms 
of the Executive Engineers and Sub-Divisional Officers, 

The existing thickness of metalling in a particular mile is a very im- 
portant factor in determining the most economical thickness of the renewal 
coat of metal. Some gentlemen have advocated a renewal coat of 4^ inches, 
others have advocated a renewal coat of 3 inches ; yet another gentleman has 

*Vi(le Annex, pnge 30 (k 1). 
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advocated a renewal coat of G inciies. We found that where the thickness 
of the inetal over the soling was more than 6 inches it was enough to scarify 
the road crust to a thickness of 3 inches, screen tlie scarified metal, lay bigger 
stuff on the road, and add about 2 inches of new stone naetal on the top. 
The screenings could be used as filling in the interstices of stone metal after 
partial, consolidation and for spreading over the berms. 

This cliart also prevents the thickness of metalling becoming so great 
that it may become dangerous for bridges. I romombev a case where, by 
follow’ing the rule of lonewal coat of 4^ inches every three year, the dead 
load of metalling over the bridge stab became so great that the bridge 
collapsed. 

In some cases, after taking the borings on the road and preparing the 
chart, we found that the actual thickness of metal in some miles w'as as 
much as Id inches to 20 inches. Wo scarified such metal to a depth of 
6 inches, and used the scarified material for widening the road. 

Mr. H. A. Fitzherbert (Bombay) : — On page 3 (k) paragraplj 4 below 
the para a note appears to the effect that “In certain localities it is custom- 
ary bo place ^ inch layer of earth or murum to act as a cushion and to work 
up between the interstices “ 

This method lias been used in England when doing grouting to reduce 
the amount of bitumen or tar used and 1 actually saw it being adopted for 
grouting with Colas. 

By watering and rolling, the blindage below the metal is worked up to 
fill the interstices of the metal to the requisite extent ; by this method they 
obtain a semi-grout or oven loss : the amount of bitumen or tar can be 
reduced to a minimum. 

I think this method is worth trying. 

Mr. A; K. Datta (Calcutta) ; — I shall say just a few words about item 
14 at page. 4 (k) on Admixture of clay. We find in Bengal where we 
mostly used those Jhama bricks, a little admixture of clay was found Ter 5 ’ 
efiicient ; we got hatter binding. It will be very interesting, at least to me 
and to you also, to know if we add a little lime with the clay, will that be 
effective in any way ? It will not ; but if we mix up this lime and clay and 
l)urn tlie same and powder the burnt stuff, we shall get a cement which we 
may call Village Cement or a faked cement if we call it, and that will 
produce with good ballast a first class concrete road. I liave got data for village 
cement made by mixing in my own small laboratory about two parts of lime 
and one part of earth and burning tlie same in kilns. According to tension 
tests with 3 parts of standard sand and one part of tliis cement, I found 
tensile strength of 375 pounds per square inch. Wliero I mixed up 25 percent 
of cement with 75 percent of the village cement, I got a tensile strength of 
G80 pounds per square inch with 3 : 1 mortor in one monbli 18 days. This is 
really very interesting, The admixture of eartli does not pay but if we bum tlie 
clay with lime in villages then we can get a stuff which contains the strength. 
Such material we can develop in villnges where some lime stone and some clay 
are always available, and in such cases the combination of these two with 
stone ballast and sand will produce a strong concrete road. If we do not call it. 
cement conoreto, we can call it village cement concrete which will rival, if not 
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cement concrete but very nearly cement concrete. It will be outside my 
talk bore, because it will go outside the domain of this paper if I go further 
with some of the experiments on a new' cement. If members be interested, 
I shall saij something ahout this new subject m a paper in the next Bonds 
Congress. It is superior to ordinary Portland cement, but cheaper in cost. 

Mr, Trevor- Jones (Author) : — There has been so much discussion that 
it is quite impossible for me to reply in detail, but I w'ill try to do what is 
possible in the time at my disposal. I am however much encouraged and 
grateful for the interest which my paper has aroused. It would appear that ' 
something of the sort is really needed as suggested by Mr. Murrell and zone 
specification is the ideal, it variations in climatic conditions, materials, etc. 
are to be satisfactorily catered for. 

Mr. Hughes of Burma has asked why the 13 inches to measure 1 feet 
has been adopted to cover voids etc. in stacks. My only answer is that 
from times immemorial, ns far ns I know’, the 13 inches method has been 
adopted. It should bo possible, certainly, to evolve more scientific ^ methods 
and no doubt suggestions made towards this end w’ill have due consideration.* 
I think I have made nn error in introducing this "Note on the design of water- 
bound," as it should really find a place in a chapter on "Eoad Design” which 
I mentioned in summing up my last -paper. The Note in question w'as taken 
w'ord for w'ord from Lt.-Ool. Whakeley’s "Eoad Construction and Main- 
tenance in India" being Bngineer-in-Ohief’s Technical Paper No. 10,M.E.S. 
The grading given there is obviously merely an example and nothing else 
and cannot possibly have universal application. 

I hi V ) been accused of inconsistency in one place and I tliink correctly. 
In the note below para 4, I have stated that the efficacy of a layer of earth to 
fill up interstices placed below’ new metal is doubtful, whilst in the "Note on 
Design" it is stated that the voids are filled with clay and stone dust w’hich 
should be forced up from underneath. Eecently in the Punjab w’e.bave been 
using earth oh the top of soling and allowing it to be forced up into the inter- 
stices by capillary action of w’ater and it has proved as far as I know, 
efficacious. It is for considei-ation whether such a specification should or 
should not be universally advocated. 

Mr. K. E. E. Pennell (Chairman): — think we ore all very indebted to 
Mr. Treyor-Jones for his very interesting paper and to those members who 
have given us their views. 


COEEESPONDENCE. 

1. Comments by Colonel G. E. Sopwith ( Calcutta ). 

In the preface it is stated that the subject matter and data have 
been obtained ' from Local Govei'nment’s specifications from all over India. 
On page 4 (k), I notice the term " hajri" is used. I suggest that, in any 
Code that mky be provided that term bo not used. I myself am a Punjabi 
and a Pathan, and have all my life in India been familiar with this term, 
but in Madras, for instance, it is quite unknown and would not he finder-' 
tobd, as I have found, 
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■ Incidentally in Madras small nocluols of soft laterite are included in the 
general term '^gravel** and not to know this is apt to lead to unexpected 
results, as again, I have in my recent ignorance found out. 

Page 3 (/;). Tlie practice of placing a handful of earth or moorum to 
act as a cushion is described ns being of doubtful value. Without in any 
way suggesting tliat that method is really sound I do think that it is of 
vital importance to produce some foolproof method of filling the lower voids 
between metnl particles to give vertical and lateral support. I believe tliis 
to be one of the most fruitful lines of investigation and 1 am tliereforo sorry 
to see this line being treated as probably of little value lest it be thought 
that the idea underlying it is also of little value and so improved methods 
might not bo sought for. 

In the Punjab system of “Ohettp Bonewals" this filling of voids occurs 
automatically. I note that this paper advocates scoring at distances of 
12 inches, but am doubtful it this is so sound in practice as the “Cheap 
Benowal" method. 

Page 6 (i). I note very wide variations in local ideas about the rate 
of water-bound consolidation. From a very, wide experience I confess I do 
nob think first class consolidation can ho done at more than 800 cubic feet a 
day for new consolidation, and if the metal is very hard, at not more than 
GOO cubic feet a day measured loose. In the “Cheap Eonowal*’ method, 
the rate is greater by perhaps 50 per cent. 

Madras, I note, does consolidation d to 7 times ns fast. I cannot believe 
that such a rate as that is possible without the addition of unnecessary and 
dangerous quantities of earth, in other words, n sorb of mud plum concrete. 
If that is actitally the fact, I feel sure that true economy will bo soiwetl by 
spending more on consolidation and hy using loss earth. 

Any road consolidated with too much earth at once produces conditions 
which detract from the lasting properties of surface dressing. 

2. Comments made by Mr. W. F. Walker, Executive Eugineer (Meerut,) 
by post, on Paper No. K (I). 


In my opinion it is neither possible nor necessary to lay down a spoeifi- 
cation which will be suitable for the whole of India whore the materials used 
dilTer so widely from laterite to banker and stone. 

Tlie various provinces already have their own specifications which have 
been drawn up to meet their local conditions. 

In the United Provinces it is usual to make stone stacks 12 inches 
high whereas kanker stacks which settle appreciably after a time are made 
13 inches high whilst both are measured as 12 inohes high. 

The example in the paper of a suitably graded stone gives the lai'gcsb 
size a? 1 inch. This I think is too small and the size for a finisliing coat of 
stone should be at least inches, Dilforent sizea of nietal - are neepssary if 
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the surface is to bind properly. In most cases the stone will be broken into 
different sizes under the roller. 

Certain experiments^ have been tried in the United Provinces, with 
different blinding materials. Kanker bairi, stone bajri, moorura and sandy 
soil have been used. 

It appears that if the road is to he surface-treated then sandy soil is 
pei*fectly satisfactory as blinding and no advantage is gained by using others 
which may cost up to Es. 500/- a mile and which are mei'ely brushed off the 
road at the time of painting. 

If however the surface is to remain water-bound, then sandy soil is not 
satisfactory and some other material must be used. There is little to 
choose between the kanker bajri, stone bajri, and moorum but they must be 
measured up and paid for separately both to check the quantity used and 
because they may be expensive. 

Experiments have also been made with hill clay. This is a clayey 
moorura which is spread ^ inch thick on the old surface. The metal is 
spread over this and consolidated in the ordinary way. Special care has to 
be taken to water the I’oad thoroughly in order to bring up the clay to the 
surface. It appears to be fairly successful but I myself prefer blinding with 
bajri. 


3. Oomments made by Eai Sahib Tulsidas Saner ji, M.E.S., 
(Jubbulpore,) by post, on Paper No. K (I). 

As for a long time to come water-bound macadam roads will continue 
to form bulk of Indian roads, any attempt to improve them economically by 
introducing a code of standard practice is very welcome. I therefore, con- 
gratulate Mr. Trevor-Jones for his splendid paper. 

I do not however, quite follow the utility of stacking metal in' conti- 
nuous stacks with requisite gaps for drainage. It may be suitable for trunk 
roads, but is definitely otherwise for busy places and towns.with numerous 
cross roads. The solution appears to be stacks of standard size spaced to 
allow su fficient metal for stipulated thickness of coat on the corresponding 
length of the road, where possible. This will enable easy counting and 
checking and also eliminate- the tedious process of taping the entire length of 
stacks to arrive at the quantity actually supplied. 

We are generally concerned with the wearing quality of the road. If 
it wears well, the result is economy in maintenance with better appreciation 
of the road surface. But the wearing quality depends on the constituent 
parts of the road, how they are assembled and finished. Metal is therefore 
the most imporUnt factor contributory to the life of a road. It should not 
only be sound, hard and tough, but when consolidated must be dense and 
capable of withstanding the destructive action of traffic. To achieve these, 
certain conditions are essential viz , — 

(a) the metal of graded stone of uniform sizes interlocked to e{(cb 
other. 
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(b) consolidafeion withoufc admixture of earth, 

(c) bliudtug with screenings of.the same material as road metal. 

If is equally important that correct use of templates for spreading 
metal should be rigidly enforced and the road surface frequently 
checked with a straiglit edge during the final stage of consolidation. Any 
defects noticed should be mended immediately. This will not only obviate 
the initial corrugations, but will also give a better riding surface. 

There is however another school, which still believes in the importance 
of ungraded metal, but its result, as wo all know, is early disintegration and 
dusty road, both uneconomical from linancial and other points of view. 

Author’s suggestions in general, and specially that for introducing 
graded metal in road making are therefore very ‘valuable and will enable 
provision of better roads for the sanrio, if not, lower cost. 

Para 15 of the Nolo is not clear as to the reason for a very wide 
divergence in tbo daily output of a -steam roller. It would bo interesting 
and perhaps helpful, ifsomomoi'o details in respect of tincknoss and nature 
of metal consolidated, typo of roller used in Madras and Punjab were 
available. The maximum that could bo had here (Jubbulporo) from a 15 ton 
roller is 800 cubic feet per day or 3 inches thick 16 feof wide, 3200 square 
foot. Metal is graded trap from 2 inches to ^ inch. 

4. Comments made by Ur. Uorari Lai, Assistant Engineer (Punjab), 
by post on Paper No. K (I.) 

The author in pai'a 3 in tlie general note on the design of walor-bound 
Macadam ..writes “The voids are filled with clay and stone dust which 
should bo forced up from henoath during consolidation” hut in para 14 says 
that "No earth or other material should ho. mixed with the metal before, 
during or after the consolidation.” If no earth or clay is to bo used, liow 
the tiny interstices in the aggregate will bo filled up with clay and stone 
dust to be forced from beneath. It therefore appears essential that a layer 
of ^ inch of clayey eartli or rooorum should be spread over the soling coat 
or old metal before spreading tlie new wearing coat so that during consolida- 
tion the clay or moorum will bo drawn up into the interstices by capillary 
action of water. 

In the same para 3, the author has given an indication of a suitable 
grading of tlie aggregate to bo used in consolidation but has not suggested 
how those various proportions liave been arrived at to ensure tlie maximum 
density and how the individual voids in the mass aggregate have been 
determined. In order to ensure perfect intor-locking or compaction of the 
aggregate, it is very necessai'y indeed, that the individual voids' between 
adjacent pieces of metal bo just filled up with smaller pieces of metal; but as 
in a mixed aggregate containing all sorts of sizes no-body can predict with 
any precision as to how the diU'orent pieces of metal will arrange themselves 
under a roller so as to leave the minimum of voids, it seems that the only 
suitable method of grading, the aggregate, particularly in the 'ease of hand 
broken metal where personal factor comes so much into play, is that by a 
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trial and error niothocl it should first bo nscei lained wlmt quantities of 
different grades of metal mixed together and well shaken in n rotary drum 
will give the maximum weight for a given volume and then having found 
their percentages, the ditTorent grades should bo collected and stacked 
separately for any given length of road in the manner described in paras 1 
and 2 of the paper. 

In spreading the aggregate biggest sized metal which should not bo 
loss than inches gauge will be spread first, lightly rolled leaving spaces 
between the stone pieces; this will ho followed by spreading of the medium 
gauge 1 inch to 1 inch niotal and finally the fine gauge -} inch to I 
inch gauge inter locking into the bigger gauge preceding. This aspect of 
grading requires research and experimentation. 

Para 4 — Surface scoring should preferably bo done diagonally and not 
' at right angles to tho direction of road traffic. This will help to avoid 
corrugations. 

Para 9 — In addition to a set of 3 spreading templates, there should bo 
another set of three honing rods to align tho top surface of metalling 
longitudinally to avoid bumps. ]''rcquenb use should bo made of these rods. 
Purthcr, instead of sets for dilTercnt cross falls, it will bo convenient to use 
only one template which will show on it various slopes by lines previously 
marked on it for different inclinations and with tho aid of plumb-bob any 
cross fall can ho laid out at site. This has been explained in paper 
No. 180 on specification on Highway curves in tho Punjab lilngineeriug 
Congress by mo. 
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ANNEX. 

SPECIFICATION FOR WATERBOUND MACADAM'* 
ORIGINAL WORK AND EJ3CONSOL1DATION. 
SOUTH BIHAB AKD CHOTA NAGPUR. 


Prepared by W. L. MURRELL, Esq., B.C.B. (Melb.), A, M. INST. c. E., 
Superintending Engineer, Oliota Nagpur Circle. 

Accepted by CAPTAIN A. E. GREEN, M Sc., M.C., A.M., INST. C.E., 

Superintending Engineer, Soiuli Bihar Circle. 

Approved hy CAPTAIN G. F. HALL, CI.E., M C., Chief Engineer^ Public 
Works Department, Bihar. 

1. Collection of Metal. — 

Slone — The stone shall be taken from the quarry specified in the 
accepted tender and it shall bo dense, hard, and tough; free from parallel 
fracture, crystal cleavage, weathering, earthy matter, moss, and such defects. 

Quartzite of any colour, fine grained rocks like diabase, dolomite, 
phonoUte etc., are all good. Vein quartz is to be regarded with suspicion 
as it frequently contains high dovotopment of crystal cleavage, either \isibie 
to the eye, or proved by throwing the specimen smattly on a hard surface. 

Motamoriihosed sedimentary rocks like black or other micaceous 
schists and coarse grained gneiss will not be accepted. 

t 

Breaking. — The size shall be according to the Indian Road Congress 
Standard, vide page 177, Proceedings, January 1936. 

Two-inch metal. — This must wholly pass through a screen of square 
mesh of 2^ inches side, and be wholly retained on a screen of square mesh 
of 1^ inches side. 

One and one-half inch metal. — This must wholly pass through a screen 
of square mesh of 2 inches side and be wholly retained on a screen of square 
mesh of 1 inch side. 

The side is to be measured between wires and not centre to centre of 
wires, and the screen is to bo hold at an angle of 30° to the horizontal. 


** This Specification has been voferred to by Mr. W. L. MuitoH in his 
remarks on Paper K (I) [vide page f) (k 1) ]. 
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The size of wires composing the screen will be as follow's : — 


Screen size. 


2 " 

1 ^" 


Size of wire. 

S. W. G. Appim. dia. 

inches 


4. 0.23 

5 0.21 

6 0.19 

7 0.17 


Unless otherwise specially stated in writing, the size of meial will be 
tioo inches for new metalling first and second course, and also for reconsoli- 
dating old metal with the addition of not less than three inches of new 
metal, the average picking-up of old metal being to not less than three 
inches depth. 

Transportation of metal . — ^When metal is transported by motor vehicles 
or animal-drawn carts, care shall be taken that no metal is dropped on any 
portion of the road or roadside land. 

In cases where the whole of the carting under the contract is done by 
means of animal-drawn vehicles equipped with pneumatic tyres, the con- 
tractor shall receive an additional payment of annas four per hundred cubic 
feet of stack measurement. 

Where an alternative track exists, the contractor shall not transport 
metal over the metalled or se.aled surface unless his vehicles are fitted with 
pneumatic tyres. 

Stacking of metal . — Normally the metal bo stacked fully into box 
frames with internal measurements 5^-0” X 5^-0" X the metal being 

struck off flush with the top of the frame. Such a stack will he measured as 
25 cubic feet. 

Without the previous permission in writing of the Subdivisional Offlcer 
or the Assistant Engineer, no metal shall be stacked anywhere on the crest 
of the road formation. All stacking will be upon clean, levelled, or evenly- 
sloped, firm ground on the roadside lands, and the stacks shall ho as equi- 
distant as possible along the road. All stacks will be free from over or 
undersized metal, chips, weathered or soft metal, flat shaped pieces, dirt, mud, 
vegetation or other undesirable matter. 

Bate of payment . — The schedule rate includes quarrying the stone, 
breaking it to size, sci*eening, transportation, stacking, payment of royalty 
to the authority who has the mineral rights, payment of compensation for 
transport through fields, etc., and all other incidental charges. 

2 Arrangement for Traffic during Consolidation. — 

Hoad closures shall be in accordance with the Bihar and Orissa High- 
ways Act, 1926. On no account may any road be completely closed to traffic 
without the previous written consent of the Superintending Engineer, and 
unless the date, and period of closure be advertised in the local press, and 
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unless notices be posted on all public buildings of local importance and on 
the secciou of road to bo closed. Those advertisements and notices shall 
give at least two weeks’ clear warning. 

Wliere the road is to be partially closed temporary roads are to be 
made for the trailio. 

Slotor vehicles should, where possible, be allowed to pass on the wider 
flank, whilst a separate track should be made for carts. The contractor 
must make and maintain these tracks at hiS own expense. 

All obstructions and diversions must be clearly visible at a distance by 
night and by day, there being a preliminary warning by red lamp and red 
flag at a distance of 500 feet from the obstruction or diversion. At the 
obstruction or diversion there will bo red reflex signs, red lamps or lamp boxes, 
and, in the case of diversions, there shall bo an arrow to indicate clearly by 
day or by night the direction of tako-otf to the diversion. 

All diversions other than on the road flank will be clearly marked by 
whitewashed stones or other such means. 

3. Camber. — 

By “ camber " is meant the curve of the surface of the cross section of 
the metalled portion of straight or nearly straight section of road, and the 
" amount of camber " is the difference in level between the surface at the 
crown or centre of the motal, and tho edges of the metal. 

The amount of camber to be given in a road will depend on whether 
the surface is to remain as a water-bound one or it is to he surface-treated 
or scaled. 

For surfaces that are to remain as water-bound and that are not to be 
surfaced or sealed, the amount of camber is to bo taken as one-sixtieth of the 
full width of tho metalled surface. 

For surfaces that are to bo surfaced or sealed after consolidation, the 
amount of camber is to be taken as one-bundrod-and-tw'entieth of the width 
of the metal to bo surfaced or sealed. 

Tho camber of the section will be such that the middle third will app- 
roximate to tho arc of a circle, while tho outer thirds will be constant slopes 
tangential to tho arc. 

Templates for camber , — For work up to a width of IS feet of metal 
there shall he light but rigid and strong full templates, with edge to tho 
required camber, and each template will be complete either with a fixed spirit 
level or a plumb-bob arrangement. Thei'o shall bo three such templates for 
each roller in action. 

For work on greater widths half templates shall be used with ^jjqd 
spirit level or plumb-bob arrangement. 



33 (ki). 


4. Cross Fall, Superelevation, or Banking. — 

By this is meant the difference in level bei'VS’eeD the. outer and the 
inner edge of the metal on curved sections of the road, divided hy the width 
of metal and multiplied by 100 to express the ratio as a percentage. 

Curves with a radius of 1,000 feet and less are to be superelevated and 
widened in accordance with the following table : — 


Badius. 



Superelevation 

Increase in width 




to 

for a road 




be adopted. 

width of 9 feet. 

Feel, 



% of width. 

Feet. 

30 


a * • 

16.6 

4.5 

50 



12.5 

4.5 

100 



12.5 

4.5 

150 

• • « 


10.4 

4.3 

200 

« • « 


10.4 

4.1 

300 

• • t 


9.4 

3.7 

400 

• • • 


9.4 

3.3 

500 


• « • 

8.4 

2.9 

600 


• • • * 

8.4 

2.6 

700 



6.2 

2.1 

800 



6.2 

1.7 

900 

« • 4 


4.2 

1.3 

1,000 

... 

• « • 

4.2 

0.9 

For metal widths 

on straight 

sections exceeding 9 

feet, the widening 


on curves will be increased proportionately. 

The above table refers to ordinary roads. For Trunk Beads, the 
instnicticiis laid down in H. Criswell’s “Highway Spirals, Banking and 
Vertical Curves” or similar works of reference will be followed, vide page 31 
“Indian Koads" no. XI June 1937, 

5. Lateral Support for Uetal About to be Spread. — 

(fl) Original Work . — "Where the road bed is boxed out, the earthen 
flanks or berms are sufficient lateral support for the newly spread metal. 

"Where the new metal is higher than the flanks, however, it must be 
supported by continuous borders of grass sods. These sods should be ns 
large as possible so as to give a “bundh” at least 1 foot wide. They should 
be well consolidated by wooden or other rammers. 

(b) Meconsolidaiion TFo7'S:s. — Sod or stone edging to be provided as 
d68or:'*)ed above, as the case may be. 

Standard edging . — In cases where the picking-up of the old metal will 
result in an appreciable amount of salvaged material passing the 1^'* spfeen. 
the following specification will be followed; — 
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Salvage edging . — That portion of the pickcd-up rnetal which passes 
the 1^" screen and is retained on the "i" screen, vide paragraph 6 “Screening" 
slinll be used to form an edging on each side of tlie new metnl. 

Grass sods shall be placed along the edges of the met&l to be 
consolidated as described in paragraph 5 (a) above, but on a line nine inches 
away from the edges of the old metal and on the outer side of it. Thus, 
where the old metal is nine feet wide, the two lines of sods shall be ten feet 
six inches clear apart. 

The old metal shall then he picked up and screened on the flank of the 
road as described in pnrngrnpli 6 below, leaving a berm nine inches wide by 
average three inches depth on the inner side of eacli line-of grass sods. 

When the road bod is cloai'od of picked-up metal, these two berms 
shall bo picked out so as to clear the road bod to the full width between 
the two lines of grass sods. 

The earthy matter from these berms shall be thrown and rammed 
on the reverse side of the line of sod edging, the large pieces of old metnl 
being thrown towards the centre of the road bod. 

The salvaged metal or “Seconds" passing the inch screen and also 
any small stuff received from picking out the nine-inch berms will then bo 
laid in the road bed to a width of nine inches along each lino of edging sods, 
and to such a height that its top will bo flush with the top of the new metal 
when laid between these two linos of salvaged metal. 

The now metal and the salvage edges shall then be consolidated 
simultaneously. 

Note . — Tf there is insufficionb salvaged material, rejected metnl may be 
used in lieu of same. 

{Vide Proceedings. Third Indian Soads Congress, page 12. Trevor- 
Jonos on "Pushta” and page 166, Murrell on "Size Gradation".,! 

6. Picking up the Old Iffetallcd Surface. — 

Picking up , — The old metal shall be picked up to an average depth of 
thi'co inches. 

Picking up shall not ho commonood nor finished on a line at right 
angles to the length of the road, but on a lino 45° to it. 

Where the metal is to bo roconsolidutod half width at a time, the first 
half will bo picked up to half'width jdvs two feet. 

Great care shall bo exercised to see that the surface, after picking up, 
shall bo — 

a True to cross section as spooifiod in paragraphs 3 and 4- 
p True to longitudinal Eection- 
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Slvicb attention sliall be paid to tlio elimination of bumps or humps 
which sometimes extend for many running -feet of the old road surface. 
For this purpose tlio Ovei’seer, the Contractor, and his mate shall each 
caiTV a length of 60 feet of fine fishing line on a small rectangular wooden 
frame, for constant checking of the longitudinal section, and the labour is to 
be prevented from excessive picking up of the old metal in the hollows. 

The picking up of old metal will be done with hand pick-axes in such a 
way that the old metal will be broken as little as possible. 

If dry, the old water-bound surface should be wotted. The picking 
up should bo done, first in furrows about one foot apart "along” the road, 
and then transversely across the road. 

Sci'cening — "Wliero it is evident that at least 20 per cent of the picked- 
up material will be refused by a 3^" square mesh screen, all picked-up 
material will be passed through a 1^'* square mesh screen. What materials 
are refused by tliis screen arc called firsts and tliey are to be kept for 
spreading back in tlio road hod. 

The remaining picked-un matevinl shall then bo screened over a 
square mesh screen. 

The materials which are refused by this screen shall be ca'lled 
"seconds”. 

The seconds are to be kept as salvage for filling into the trenches for 
the salvage edging. 

The materials which pass the J inch screen shall then be screened over 
a i inch square mesh screen. What are refused are called “ thirds ”, and 
what pass through are called " fourths 

The "thirds” are used partly for blinding the metal surface during wet 
rolling of surfaces which are to remain as water-bound macadam. If of good 
material, they may also be used as blinder with no. 2, Tar, after cleaning by 
washing and drying. 

The fourths are used for final rolling or " polishing". 

Noies. — (i) The f inch and i inch mesh screens shall be of square 
mesh the size being in the clear and not centre to centre of - 
the wires. 


. Size of wire. 

S. W. G. .Approx, diam 

inches- 

8 0.16 

16 0.06 

iii The screens shall be used at an angle of 30° from the horizontal* 


ti The size of the wires shall be — 
Screen size 

4 inch 
^ inch 
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[iv) No delay must be allowed in the use of the f inch and J inch 
screens, as rain may be expected with very little warning, and all the finer 
material will adhere to the coarse materials if they are allowed to become wet. 

(u) There shall be two sets of each size of screen {i.e. six screens) per 
roller. The works staff shall not be allowed to use the screens as beds, or 
for any purpose other than screening. 

ivi) The screens are to be the property of the contractors, and it is 
proforable to arrange for them departmentally, recovering the cost at a price 
to be stated in the notice calling for tenders. 

{vit) No loose material is to be left on the road bed and all fine stuff 
not passed through the screens is to be swept up and thrown away before 
any metal is spread. 

7. Spreading of Metal. — 

(a) Original Works . — The motnl shall be spread true to cross and 
longitudinal section, and eronly to tho unconsolidated depth for each layer 
shown in the contract. 

The metal spread shall be entirely free from all tho defects mentioned 
under ‘‘Oolleetion of metal” paragraph 1. 

Tho first layer shall not he spread until the soling or other road bed 
lias been duly approved by the Subdivisional Oflicor or the Assistant 
Engineer, or tho person deputed by him. 

The sodond hiyor of metal shall not bo spread iiutil the dry rolling of 
tho first layer, including the rectification of defects, shall have been approved 
by the Subdivisional Officer or the .Assistant Engineer or tho poi'son deputed 
by him. 

Care is to be taken at the junction of old and now surface The metal 
is to he spread so that, on consolidation, rapidly moving cars will pass over 
the junction without receiving a bump. 

{b) lieoansolidatioii.~No metal shall be spread until the picking up 
has been completed and approved for a distance of at least 300 r. ft. of road. 

The salvaged metal or "firsts” refused by tho I'J inch screen shall 
then bo spread uniformly over tho pickod-up surface. 

While this is going on, tho contractor sliall mark with wbitowash 
every 25bh stack of new metal, beginning at tho 13th stack from the com- 
mencement of the work. Those whitewashed stacks shall bo called tho 
rectification stacks”, 

All new metal excluding ' the rectification stacks, shall then be spread 
evenly over tho road b’od'true to cross -section- and to longitudinal- section to 
a uniform depth of at least 8 inohes. . ■ - 
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Where fche mefcal is to be reconsolidated half width at a time, the new 
metal is to be spread the full half width of the road pftis fifteen inches. 

The greatest care shall be taken by all concerned that one of the three 
templates referred to in paragraph 3 shall be used constantly in checking the 
camber. 

There shall be a contractor’s mate solely in charge of this work and 
he also will he provided with a length of 60 r.ft. of fishing line for checking. 

All surface metal is to be hand'packed in conjunction with the 
template and line to ensure even spreading before dry rolling is Commenced. 

8. Dry Rolling.— 

Both original and reconsolidatimi woi’k . — If the roller is a powered 
one, care is to be taken that the gearing is in good order and that the driver 
opens and closes the throttle gradually. The prevention of initial bumps 
in rolling is of the utmost importance. The roller must not be stopped in 
the same place more than once. The furnace must not be raked out, nor 
the bunker replenished, over any of the uncompleted surface. 

The dry rolling shall proceed first along one edge of the metal and its 
edging, and then along the other edge of the metal and its edging, in order to 
prevent degradation of the camber. 

Where the metal is to be reconsolidated half width at a time the 
rolling shall be done over no more than the half width. The marginal 
fifteen inches of new metal shall not be rolled nor shall it be treated with 
"thirds” until the second half width is being consolidated. 

Bolling shall be done in lengths not less than 300 feet, and the total 
length of road being pioked-up, spread, and consolidated at any one time 
should not exceed 900 feet. 

When the whole area has been dry-rolled 3 or 4 times it shall be 
inspected in order to ascertain by means of the template and 60 feet line, 
especially the latter, where the depressions exist in the work, and the extent 
and depth of such depressions. ■ 

All such places shall be thoroughly loosened by hand picking, and 
additional metal shall be spread from the whitewashed rectification stacks to 
make up the deficiency. These rectifications are to be done personally 
by a departmental employee especially skilled in the work, or under the 
direct supervision of the Overseer. 

Any pieces of metal which crumble or disclose their weakness during 
the dry-rolling are to be carefully picked out and replaced carefully by hand 
with sound pieces of metal of about the same size from the rectification 
stacks. 

When all defects have been dealt with, dry-rolling will proceed until 
the creeping or waving of metal before the advancing rollers has ceased. 

Special Note . — The rectification of the hollows must be done shortly 
after the commencement of the dry -rolling and not later during the dry- 
rolling. 
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The deparbmental roller driver has a large responsibility in this respect. 
He also is to be provided with a 60 feet line, and he shall refuse to proceed 
further with the dry-rolling unless the depressions are rectified in the 
manner above specified shortly after dry-rolling commences. 

In the case of original work, the spreading of the second layer of 
metal and its dry-rolling should now be proceeded with as described above. 

Immediately on completion of the dry-rolling the remains of the recti- 
fication stacks, if any, will be carefully boxed as 25 cn. ft. stacks and 
shown in the metal balance. 

9. Wet Rolling. — 

' On the completion of dry-rolling, the mechanical interlocking of the 
metal should be complete, hut, to make sure of this, water should now be 
sprinkled liberally over the metal which should then be rolled, again starting 
from the edges, until there is no further creep or wave in the metal before 
the advancing roller. 

For surfaces that are to remain as waterhound surfaces 
and will not be sealed or surfaced . — 

Coarse Blinding.— After the wet-rolling has been started and there is 
no longer any creep in front of the rollers, n very limited amount of “thirds” 
(i'-'* — J") screenings is to bo scattered over the surface, and swept by soft 
grass brooms into the larger interstices. 

It is important'timt nob more than one cubic foot of these screeuings 
should- be used % square feet of road surface. 

Where the metal has shown considerable tendency to crushing under 
the roller, the amount of screenings or thirds should be even less than 
one cubic, foot “o squai’e feet. 

Usually, much too much of these screenings is used, with the result 
that they work down into the already consolidated metal lind interfere with 
the mechanical interlocking, later leading to corrugation. 

All concerned are responsible to prevent this excess, and the roller di'iver 
should refuse to roll any surface treated to excess. 

As soon as the coarse blinding has been placed by further rolling so 
that the surface prevents a uniform and fairly smooth toxtui’e, fine blinding 
shall be added. 

Fine Blinding. — As the rolling proceecls, “ fourth ” screenings, passing 
the \ inch serdon, shall bo scattered lightly from time to time over the whole 
surface so as to form, with the continuous watering, a thin slurry in front 
of the roller wheels. 

On no account should this fine material be allowed to cake or form a 
still inuddy ptlsto in patches over the surface. It must be contiinuously 
yrorkod down into -the metal as a thin slurry. , . . 
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When 2 to 3 cubic feet of fourth screenings have been used % square 
feet of road surface in this way, the wet rolling will be considered to have 
been completed. 

For surfaces that will he sealed or surfaced soon after consolidation . — 
A blinding need not be added, and the fine blinding should be added as above 
as soou as creeping ceases during wot rolling. 

Where coarse blinding is not used during dry rolling, the amount of fine 
blinding may be increased to 3 or 4 cubic feet % square feet of road surface. 

In this case also if the coarse blinding is of good material, it should bo 
carefully conserved in 25 feet stacks, well oil the road for use later ns blinder 
in sealing work. 

For original work . — Where no blinding material, is obtainable from 
picking-up and screening an old surface, hard gravel or waste chips from the 
stone quarry should be used after screening through a mesh and over a 
mesh screen. 

In such a case, in lieu of fine blinder or “fourths," stable earth should 
be sprinkled on the road. 

Stable earth is that which is not too friable when dry and not too sticky 
when wet. Sand is bad because it is too friable and has no adhesive or 
blinding properties. Clay is bad because it may cause the metal to stick to 
the roller, thus necessitating re-doing the whole length. 

Note . — (t) The contractor is specially responsible that no material 
which should be refused by a mesh screen shall come on 
to the surface during wet-rolling, and the roller driver should 
refuse to roll until any such coarse stuff is removed. 

' (n) Should the inspecting officer find that walking on the metal 
during "wet-rolling results in a "scrunching" sound, is will 
be a sure sign that there is an excess of thirds in the body 
of the metal, and the whole lot should be picked-up, re- 
screened, and re-done from the beginning, including dry- 
rolling and wet-rolling. The same action is to be taken if 
it be found that the contractor is attempting to conceal 
depressions in the surface by spreading, a layer, of 'thirds’ 
and ‘fourths’ in them. 

10. Curing. — 

On completion of the wet-rolling the surface shall be allowed to drain 
and dry out. This usually takes 2 or 3 days and, in the meantime, no traflSc 
whatsoever is to bo allowed over the section. 

If necessary, the Bihar and Orissa Highways Act, 1926 is to be utilised 
to deal with offenders. 

11. Building up the Planks or Berms. — 

Immediately after the section is opened to traffic, eaithwork is to be 
done in the flanks. 
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In straight level sections of the road, this earthwork will be done in 
such a way that the side slope of the surface shall be 1 in 30, 

Where the section is on a fairly steep gradient, the side-slope of the 
berm or flank is to be increased accordingly, being little if anything less than 
the' road gradient. 

On curves, the slope of the inner and outer flanks or berms shall be the 
same as that of the superelevated metal between them. 

The inner berms shall be cut down to the required slope, and the earth 
obtained shall be utilised for building up the outer slope. On no account 
may borrow pits be made for building up the outer flank until the inner 
slope is completed. 

The flanks or berms alongside the now metalled surface shall be well 
rammed for a width of at least three feet in order to prevent accidents owing 
to the left side wheels of passing oars sinking unduly into the new earthwork. 

The flanks or berms shall be neatly flno-dresscd so as to avoid bumps 
or hollows, and to a continuous slope to the edges of the formation, which 
edges will be continuous and parallel to the centre line of the metal. 

The side slopes to the formation also will bo continuous, even and 
fine-dressed. Should the contractor do excessive earthwork on the flanks or 
berms, the excess of earth shall be placed back in the borrow pits, at his 
expense, before the pits are measured for his bill. 

Should there bo any accident due to delay in building up the flanks 
and berms, or duo to not ramming them to a width of 3 feet near the 
metal, the responsibility will lie with the contractor whose tender for the 
earthwork has been accepted, otherwise with the oflicer who failed to ai*range 
the tender in time. 

12. Alternative Method for Original Work. — * 

This method shall bo used only on the written instruction of the 
Executive Engineer, given before the tender is accepted, and stating the 
exact locality where the method is to he used. 

After dry-rolling of the first layer has been completed in accordance 
with paragraph 8 above, a uniform depth of 1 inch of mooram gravel 
shall be spread. Such gravel shall bo free of large pieces wiiich w'ould be 
refused by a screen, and must not contain more than 20 per cent cla 3 \ 
Over this unconsolidated gravel shall then be spread the second lay'er -of 
metal as specified in paragraph 7 above, and the dry and wet rolling shall be 
done in accordance w'ith paragraphs 8 and 9 above. 




PAPERS Nos. L & P. 


Mr. K, G. Mitchell (Chairman) : — 1 take it, it is agreed we take up 
Paper L, “Some aspects of Bituminous Boad Construction in India ” by 
Colonel 6. E. Sopwitb and Mr. W. A- Griffiths and Paper P, “Revitalisa- 
tion of tarred or Bituminous surfaces ” by Captain R. C. Graham together. 
I understand that Colonel Sopwith will introduce the first paper and I'eply 
to the discussion, while the second paper will, in the absence of the author, 
be introduced by Mr. Lawley- 

The following two Papers were then taken as read : — 




PAPEB No. L. 


SOME ASPECTS OF BITUMINOUS KOAD 
OONSTEUOTION IN INDIA. 

By 

Colonel G. E. Sorwiin, M.O.. aud W. A. Griffiths, 


The objsob of Uiia paper, conbribubed by represeubabives of inanu- 
facburers of Bibumen and Tar Prodacbs, is bo presonb bo bhe delegabes bo bho 
Indian Beads Congress some aspeebs of road consbruction wibh a view bo 
sbimulabing a disoussion ab bhe Moobing, and also bo give bhe various 
delegates atbending an opporbuniby of asking questions. 

(It should bo noted that the term “Bituminous” is used as a standard 
one and is applied indiscriminately when the authors refer to Bibumen or 
Tar). 

The paper deals with bho general princi{)Io6 only and does not set out 
specifications as it is considered that, with the continuous research and prac- 
tical experiments which are continually being tried, frequent changes in the 
methods of broatraonb occur ; therefore the present time is nob suitable to lay 
down any hard and fast specifications for bituminous work. It is, we feel, 
generally known that bho pi’oducors of Bitumen and Tar are always ready to 
help and advise engineers on their problems wibh recommendations based on 
the latest knowledge in their possession, and the authors fool that for the 
time it is bettor that this i)rocoduro should bo carried on with rather than 
sotting up a code of practice for bituminous work which might well bo par- 
tially out of date beforo the code has passed its infancy. Again, climatic and 
physical conditions vary so greatly in India that it is impossible to givo 
general details or specifications to covor all these conditions, whereas the 
manufacturers’ technical advisors are continually inspecting and working in 
these varying conditions and are therefore in a position to givo advice based 
on praotioal exporionce, and such advice is bound to bo more accurate and 
helpful than any code of practice which may be produced. 

In India the problem of treating roads is not purely an engineering one ; 
the financial side plays a very largo part. In the w'hole of India there aro 
approximately only 00,000 miles of motallod roads (a largo portion being 
untreated) and a sound road development sohomo, bearing in mind that India 
is now, and will remain for a considerable time to oomo, mainly an agrioul- 
tural country, must involve the improvement of those roads as well as the 
improvement of the existing un;notall.od roads and the construotion of foodor 
roads if the produce of the country is to be moved more easily and cheaply. 

n 

The finances of India are nob limitless and to construct expensive types 
of road, except wdiero local conditions make it essential, is definitely at present 
a financial impossibility. It is thoroforo in the interests of India that re- 
search into the cheaper methods of treatment, which w'ill successfully stand up 
to the trailic it has to bear, should bo undertaken 'with more ooncentration 
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than research into the details of the expensive typos. It need scarcely 
be said that road engineers in India as 'svoll as the manufacturers of 
bituminous products are alive to this and are continually experimenting 'with 
cheap type construction with no little success. We have therefore the follow- 
ing suggestions to make : — 

(a) It is preferable to apply the choapost treatment that will stand up 

to ahy reasonable estimated trafiici This can, if it is found 
essential, be supplemented by imposing a more expensive type of 
treatment later, should the increase in traffic exceed the estimate, 
without losing the value of the initial treatment, but the intro- 
duction of a more expensive constniction should only be made 
when traffic 'conditions warrant it. 

(b) Never utilise tho estimated savings in maintenance by treatment of 

any given length for any part of the financing of treatment of that 
length, but alwa 3 's use them as an aid to the improvement of 
other lengths. 

Problems mot in bituminous road construction : 

The first road to bo treated with bituminous material was laid nearly 
half a century ago, and at that time the sole objOCt \vaB tho prevention of the 
dust nuisanOe. Today, this is still one of the main reasons for treating roads, 
but by far tho most important is tho protection of tho surface from the 
action of traffic and climatic conditions which now prevail. Tho difficulty in 
finding a treatment, cheap in first cost and maintonanco, to euro those 
proialoms is very great and is dealt with later on in this paper. If tho traffic 
is cosiderablo, tho dust problom solves itself, because in these circumstances 
treatment has to take the form of providing a road witli increased canning 
capactiy and a good riding surface. Those conditions can only bo obtained by 
the use of lar, bitumen or cement. 

"Wo now turn to tho problems met whore it is desired to decide on the 
typo of construction suitable for the conditions of traffic using the road. 
There are three types of traffic utilising roads in India today' which are as 
follows : — 

(1) Light traffic. It may bo light rubber tyred motor vehicles or horse 
drawn vehiolos. 

(2) Kfedium traffic, consisting of lorries and buses, 'with moderate 
bullock-cart traffic. 

(3) Heavy traffic, which consists of heavily laden bullock-carts and 
lorries. 

For the purpose of this paper we consider that only' two classes need he 
taken, that is, one with bullock-cart traffic and the other without. The des- 
tructive effect of the bullock-cart is so great that when considering treating a 
road, a method of treatment has to be evolved which will stand up to the 
bullock cart traffic it carries and if this is done, such treatment will suffice 
for any other traffic which uses the road. 

Principles affecting tho methods of dealing witli tho ‘problems : — 

Whether it is purely for the purpose of providing a dust bure or 
whether it is for providing a road suitable for heavy ‘traffic, the firs't question 
to be considered is what is the existing road surface composed of. 



3 ( 1 ) 

Boads in India consist of either earth, latarite, kunkuv, gravel, burnt brick 
or stone metal. Pour or five years ago it was not considered x^racticable to treat 
iaterite and kunkur wjth bituminous materials, and even burnt brick as a road 
building material was looked on with doubt. Today, however, ns a result 
of experience gained in India and elsewhere, it has been found possible to 
oyqU’Q methods of treating those materials which have not only given a dustless 
surface and increased the Ijfe oftho road composed of those matoi'ials, bpt 
also increased the traffic carrying capacity. 

Early attempts at treating kunkur/latorito were not successful because 
at the time of putting forward recommendations for treatment of roads 
composed of these materials, tlio fundamental fact that unless a carpet is solid- 
ly bonded to the base it oannot last, was not taken into consideration. Practi- 
cally any hinder of an adhesive nakiro will bond to a clean surface, but under 
the action of traffic that surface will not remain clean very long ; on its top a fine 
dust forms and the carpet begins to peel. This film of dust, caused by the action 
of traffic, is added to still further if the treatment which has been applied 
to the road is blinded with pieces of aggregate harder than the actual material 
of the road, as they ten^ to pjei’ce down through the top surface. In 
other words, the cause of the trouble is the formation of a dust film which 
dpqtroys the bond and causes the carpet to separate from the base. There- 
fore, ip putting forward a recommendation for treating surfaces cotnposed of 
these materials it is necessary to provide a treatm^i^t which will prevent the 
formation of dust on the surface of the base and, if this is not entirely possihlfl, 
to proyido a m<\toria( which will absorb such dust as may bo formed. 

To obtain the above conditions a binding material wiiiob has powers pf 
penetrating the crust of tbo base must be provided, and unless this pap be 
done we are of bbe opinion that no cheap method cap be satisfactorily applied, 
and, if funds arc not available, it is better to wait until they are, otherwise 
tbo money spent will only bo wasted. 

To clarify the above wo make the following statements : — 

If tbo existing rood is merely an earth road, it is no use attempting to 
convert such a road if it is realised that by so doing it ^Yjll bo called on to 
bear a traffic which necessitates a road with pucca foundations and a wearing 
coat which oannot be provided owing to lack of funds, and it is better to 
leave tbo road in its existing state until such Lime as funds Imvo been collected 
to enable the engineer to make a sound job. 

If a road has already boon constructed before arriving at tlio decision on 
the type of treatment to be accorded to this road, one has to consider what type 
of foundation the material used in the construction will give and what type of 
traffic the road will to carry. If Iaterite pr kunkur have be.en used, 
they may make a satisfactory foundation provided they are protected from 
abrasipn and a>-’o \yatorproofed and, proyidod the traffic is not heavy enough 
•to cause crushing. These surfaces, treated first of all witli a prirnor folipwed 
by a straight coat nf tar or bituinon, wil] givo fair results. If liowevcr .the 
traffic is ms^brly composed of bullock carts we recommo.nd that the spr/aoo 
of the .existing roadway bo lightly scarified and ,3 inches pf either stope metal 
or well burnt brick bo spread, .consolidated and then treated witli hitumippus 
mS'terial as 'for an ordinary >vatpr-bo.und rnB.cadum road. 

An alterpativo to this is to lay a 1 inch ,or inches premia carpet direct 
on to the prepared base of the Iaterite or kunkui’, but' by reason of the greater 
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thioline?s widoniug the area of fcho prossuvo distribution, tho first toetbod is 
profei'able. 

From this stage of construction wo next come to the treatment of water- 
bound macadam roads. As the construction of stable waterbound macadam 
roads has been dealt with in Paper No. K (I), it is not proposed to touch on the 
methods to bo employed to obtain tho niost,sati8faotory results, but it will be 
obvious to you all that to obtain satisf.ictory results and to obtain tho 
maximum return for tho money expended, the water-bound macadam must be 
first class. Even so, if tho waterbound macadam road is left as such and is 
exposed to modern traffic conditions, it will rapidly deteriorate for tho follow- 
ing I’oasons : — 

(1) Internal attrition caused by one particle of metal tending to move 

in relation to its noighljour, causing rounding of the edges, loosen- 
ing of tho intorloolr, thereby allowing ruts and potholes to form. 

(2) Vibration caused by fast moving vehicles which again tends to 

loosen the interlooh. 

(.'!) Abrasion of tho stone on the exposed surface. 

To avoid these it is clear that the creation of a solidly bound upper crust 
which will effectively spread tho pressure and prevent the movement of 
particles in relation to one another, is tho only method of overcoming the 
causes of deterioration, and the best known method of doing this is by 
bituminous treatments of various types. By the use of bituminous materials, 
resiliency of the surface can be increased by cushioning ; abrasion and crushing 
is accordingly decreased while the danger from internal attrition is lesserjed, 
finally all internal voids can bo so completely filled that it will give a vertical 
and lateral support to the metal. 

General Survey of Various Methods of Treatment : — If it is agreed that a 
bituminous material will fulfil all the claims made for it in the preceding 
paragraph — and we feel tljat this is so — the next points to bo considered are 
tho methods to be adopted to meet the varying conditions and tho varying 
qualities of material available in India for road construction. There are five ' 
types of construction which are now advocated in India. 

( 1) Surface treatment blinded with sand, dry chips or gravel. 

(2) Premixed chips or gravel, cither singly or with sand. 

(3) Thin carpets of premixed stone with or without sand. 

(4) Grouts. 

(5) Thick carpets of premixed stone with or without sand. 

The question which faces the engineer is "What typo of construction 
shall I use in surfacing my road ?” As we have already mentioned, this will 
depend on traffic conditions largely, but also on the type of material available 
locally or within a reasonable transportable distance. With regal'd to traffic 
conditions there are two alternatives. Either the road shall be built to meet the 
present requirements, or else one can look ahead and endeavour to estimate 
the^ future developments of traffic. If the latter course is adopted then the 
engineer will be called upon to build what may now be an unnecessarily strong 
and expensive type of construction for present conditions but should give him 
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a troublo-frco road for 10 or 15 3 'eai‘s, but, os it is impossible to gauge or 
predict tho development of trallic, to do this would bo a waste of public funds 
and it is therefore, in our opinion, better to treat the road according to 
present-day traflic conditions, which surface would, as we have stated earlier 
on, if traflic should increase sufliciently to warrant a more expensive type 
of surface being laid at a later date, form a suitable base and therefore it 
would not bo entirely lost. 

It will therefore ho scon that it is not possible to laj' down anj' rules at 
present b^' which engineers can be guided, and W'e would again remind j'ou 
that the inamifiiulurora of bituminous materials are only too willing to send 
one of their experts to discuss your problems with 3 'ou and to advise you in 
tho light of their oxporionco of conditions in other parts of India as to the 
best, choii])cst and most suitable typo of bituminous construction which 3 'ou 
should adopt for your roads. 

(1) Surface dressing, as its name implies is a dressing of the surface W'ith 
a binder. The function of the binder is to provide a waterproof protective coat 
over the surface of the road, to bind the crust and also to bind to the surface 
and to each other all particles of fine nggregalo between tho stones on the 
road so that they cannot ho removed by traflic. Aotuallj' surface dressing 
does a little more than this, because the method of application is to pour 
the bituminous material over tho surface of tho road and then blind it with 
stone chippings and/or sand. This bliiulngc is absorbed by tho bituminous 
rantcrial and in time quite an appreciable thickness of carpet is built up. 
This consists mostly of stone and/or sand and acts as a cushion between the 
traflic and tho stones in tho road, thereby absorbing much of the impect shock, 
and, further more, prevents abrasion and weathering of the stone of which tho 
road is composed and, consquontly, matoriallj' lengthens tho life of the road. 

Where the traflic warrants it, a stronger tj'po of surface dressing maj' be 
obtained by tho application of tho bituminous material in two coals. By 
this method a thicker carpet is obtained and ia naturally stronger than the 
single coat, but this procedure is biilj' recommended where the water-bound 
macadam is roully first class and traflic conditions are not likely to alter 
very considerably* 

Surface dressing, if laid on a good strong macadam road, will carry 
almost an unlimited amount of motor traflic and an appreciable quantity' 
of iron tyred bullook-cart traflic. If, however, the amount of iron tyred 
bullok-cart traflic is greater than surface dressing will stand upto, a more 
elaborate typo of bituminous construobiou is necessary. 

(2) & (3) This brings us to Item 2, which ia promixed chippings or gravel 
cither singly or with sand. Usually this tyjio of carpet is laid to a thickness 
of 1 inch and can therefore also bo termed a surfacing motliod. By this we 
moan that tho 1-inch carpel is laid on to tho surface of tho road to protect 
it and not, liko tho heavier typos of oonstruction which are dealt with further 
on, an incorpoi’ation of tho bituminous material in the road itself. In surface 
dressing the bituminous material is applied to tho road and tlien blinded with 
chips- With 1-inch carpets the chips and stone are coated with the bitumi- 
nous material before they are spread on tho road. A great advantage of this 
is that tho amount of bituminous material used can bo regulated, and it can 
bo prodotorminod exactly how much material the chips or gravel and sand 
available in tho locality where the work is to be carried out, will carry. This 
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means nob only a saving in bibutntnous maborial and bberofore a saving in the 
cost of the work, bub also provides a more scientific method and control. 

(4) Wo have now dealt with surface dressing and tliin carpets* By both 
these methods, it has boon explained, only the crust is protected and the 
protection which is afforded by those methods is limited by tlio amount 
of traffic tliey have to carry. If it is considered tliat the traffic is too 
intense for those typos of construction thou the engineer must consider a 
more expensive and more lasting method, which brings us to the grout. 

Grouting resembles water-bound macadam, except tliat a bituminous 
binder is used in order to hold tho stones in position. In water-bound 
macadam, broken stone is spread on tho road and consolidated ; grit is then 
washed into tho voids with water in order to pack tho stones with the grit, 
which will prevent tliom from being displaced under tho notion of traffic. 
Grouting is ex.*Lotly similar, except that tho water is displacad by the bitumi- 
nous binder. The binder percolates down through tho voids, coating tho stones 
as it passes, until tlio babtoramost atones are reached. Stone chips are then 
blinded over tho surface with tho object of filling tho open voids between tho 
stones, until tho carpet is ns dense .as possible. Tho whole i*oad is then rolled 
as in -wator-hound, after which it is given a seal with a bituminous material. 

This tj'pe of construction will cirry any amount of motor tr.illic and a 
largo quantity of iron-tyred bullock -cart traffic, as the effect of tho bituminous 
hinder between tho stonos, is to cushion tho stone so that it is able to resist 
impact shocks and eliminate internal attrition. 

The methods so far dealt with can be adopted with whatever typo of 
bituminous material tho engineer wishes to use, that is to say, they can bo 
equally well done with hot applied materials as with cold applied materials. 

(o) We have now dealt with light, moderate and medium heavy traffic, 
which leaves us with tho last item of heavy traffic. .4s has been stated, for 
heavy coucentratad loads and severe impact shocks it is necessary to introduce 
the binder into the road or to coat the stones with the binder. We have 
already explained the method of introducing the binder into tho I'oad and we 
now set out to explain tho method of pro-coating tho stone with tho binder, 
and also to show tlio advantages of this method. 

The process consists of mixing graded stone with a bituminous binder. 
This can be done either by hand — a long and rather tedious process — by 
mixing in revolving drums, or by mechanical inixors. Either of the last two 
methods mentioned will give satisfactory results. After the stone has been 
coated it is spread to the required thiokness and rolled. Chips are then pro- 
coated with a bituminous binder and spread over tho surface of tlie stone so 
that they will penetrate into the voids. Tho whole surface is then rolled in 
order to force the chips down into the interstices. 

The advantages of pre-coating the stone and chips in this manner over 
the grouting method are briefly as followings : — 

(fl) Premising ensures that every particle is properly coated. In grout- 
ing this is not possible as the bituminous material can only coat such 
surfaces of the stone as it comes in contact with. 
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(6) With promixiag, tho coating on tho stone is thin and there is no 
escoBS of binder; in grouting tho binder has to find its way as best as it 
can into the interstices between the stones and consequently an appreciable 
quantity collects at the iiottom. Such excess is not only a waste but also 
detrimental to the road, as an excess of binder nets as a lubricant rather than 
us a binder. 

(c) preinixing allows a denser carpet with a smaller percentage of voids. 
In tho grouting method, in order to allow tho hinder to How down and roach 
tho stone, it is neoossary to iiavo fairly largo interstices, botwoon the stones, 
and tiio voids botwoon the stones must not bo filled with smaller fragments 
otherwise the flow is stopped. Further, by promixing a graded stone can bo 
used, tiiat is to say, a stone composed of varying sixes of fr.igmonts, tho 
smaller of which will fill the voids between the larger and so give a more 
stable carpet. 

Provided the stone metal is really hard and tough, this typo of construc- 
tion is more scientific than grouting and it will carry the normal iron tyred 
tmflic found on ro.ids outside the larger cities in India. It is generally laid to 
a consolidated depth of ‘2-i inolios. Tho coat of carrying out tins typo of 
oonsfcructiou is no more than that of grouting on account of the saving 
olYectod in tho quantity of bituminous material required. 

Wo now come to tho last stage- In promix macadam tho aggregate 
consists of graded stone and chips are used in an ondcavonr to fill the voids 
botwoon the stone. While, for reasons wo have stated, promix macadam 
gives a much denser carpet than the grouting method, there is still an 
appreciable quantity of void left between tho stones which are not filled. Wo 
feel that it will ho obvious to yon all that tho strongest typo of construction 
which could ho laid would ho one whore all tho voids are filled and the 
spaces between tho stones packed tight with n material which prevents the 
stones from moving. Hituminous concrete is this typo of construction and 
answers tho roquirmonts given above. Hy taking one size of stone and pre- 
coating it with a bituminous binder, to which is added pro-cnivl.od sand, a 
strong dense carpet is obtained. In view of tho fact that no small stones are 
used, there is no danger that they might not go into their proper place between 
the big stones and thereby prevent proper interlocking. Tlio sand is used in 
their place to fill tho voids between the stones, thus obviating this possibility. 
The coated sand makes an excoUont raatorial for filling tho voids as, at tho 
•time of lav'ing, it is suHiciently plastic to mould itself to tho slinpo of the 
voids and so it fills every nook and cranny in them. After consolidation tho 
pro-coated sand sots hard thcrobyn'endoring it impossible for blio stone to 
move even under tho heaviest trafiic. 

^yo have oxpcosaod our opinion that a carpet coinpoaod of stone and 
sand is tho most soioutific form of construction, because tho voids are com- 
pletely filled and tho maximum density obtained. 

The question now arises wbothor it is not equally important to follow 
this principle when blinding surface treatment. In surface treatment blinding 
is UBiially carried out with dry or promixod chips or gravel. Tho fact that 
crushing or abrasion may convert a portion of this into dust suggests that 
it may bo sound to antioipato this by replacing tho small sixo of chips by 
sand, as tho presence of the lino material will provide a cushioning ofloct and 
decrease the risk of oxoossivo orushing. Some engineers contend that for 
blinding a primer only sand should bo usod.'whoreas others believe that stone 
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or gravel with sand is preferable. For a subsequent coat it is generally 
agreed that stone or gravel should be recommended. Sand, however, has 
the property of absorbing a largo quantity of binder per cubic foot. This 
suggests that the cost of binder may bo increased owing to a larger quantity 
having to bo used. On the other hand the substitution of small chips by 
sand may effect a saving. The financial aspect, therefore, is one that can 
only be worked out locally. 

A fair amount of experiment and research on those linos has been made, 
particularly in Biiiar, but sufficient timo has not elapsed to produce results, 
from which it can bo said definitely that the idea is a sound one, and wo are 
of the strong opinion that much more extensive oxperiniots in all parts 
of India are necessary ])efore judgment can bo passed. As cushioning is 
an important part of the idea, lit follows that the main principle is to fill the 
lower voids hotween the chips without intorforenco with their interlocking. 
If .sand is first spread over tlio hinder in surface treatment and then the chips, 
the sand may absorb too much binder to allow the chips being firmly held, 
to the surface and to each other unless a greater quantity of binder is used. 
If on the other hand, to avoid using more binder, the chips are first spread 
and then the sand, possibly a day or two later, there is no guarantee that 
the lower voids will be densely packed. This appears to be of greater im» 
portanco when dealing with ro-treatmont of an already treated surface, which 
is hard and does not have the resilience a primer blinded with sand, or sand 
and chips possesses when a second coat is imposed after a short interval. 

Possibly the best method of all would bo to premix the chips and sand 
as though a bituminous concrete was being prepared, but this involves the 
trouble of mixing and possibly greater expense. As wo have already stated 
we strongly believe that extensive experiments on these lines vs’ould be 
advantageous. 

The readers of the paper will by now have realised that the authors 
regard the whole question of road improvement and construction in India 
as being in too fluid a state and too conditional on local circumstances of 
material and climate to enable hai'd and fast specifications to be laid down 
There is, however, one matter on which standardisation has been reached and 
that is the size of stone metal for premix carpets and of chips for surface 
dressing, and wo therefore give this information here, drawing attention to 
the fact that the principle is to attain the maximum density possible in a 
carpet (except for very largo cities the necessary apparatus for exact 
grading is a practical impossibility and therefore grading as recommendedis 
the best that experience shows can be obtained by liand-breaking) and pro- 
per interlocking of chips for surface treatment. The size and quantities given 
are normal but. are subject to variations in special circumstances. 
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Ghading and Quanta of Dry Chips or Graved 
FOR StmFAOB Treatment, 

(a) If tar is med: — 

Foi' first coat 3 to 3.5 cubic feet per 100 sQuaro feet. 

Grading : ^ inch to ^ inch ... ' ... GO per cent. 

S inch to it inch ... • ... 40 per cent. 

For subsequent coats : the quantity of chips used is dependent on the 
amount of binder used ; approximately, the quantity required is 
I} to ij cubic feet per 10 pounds of binder. If tlie quantity to ho 
used is 3 cubic feet or less, then the ninximuiu size of the chips 
should bo ^ineh ; if 5 to 6 cubic feet, thou the maximum size should 
be 5 inch. 

Grading : 60 per cent largo size. 

40 per cent small size. 

(5) If biimnen is used : — 

For first coat 4 to 6 cubic feet per 100 square foot if the surface being 
treated is rough; • 

3 to 4 cubic feet per lOO square foot if the surface being 
treated is smooth. 


The grading should bo : — 

For rough surface inch to 4 inch ... 100 por cent. 
For smooth surface ^3 inch to i inch ... 300 per cent, 
Grading op Stone for Premix Carpets. 

(a) If tar isused : — 

^°sho*SdTo uS’ 


For topping or wearing courses ; CO per cent of large and 40 nor cent 
of smoll stone should bo used. “ ^ 
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For topping course : — 

Carpets of ij inches anti over (ii topping course is not usually 
applied on carpets thinner than inches). 

Quantity of material required : 

4 cubic feet per 100 square foot. 

Size for l.j- inches carpets : — 

* « 

i inch ... GO per cent. 

^ inch to i inch ... 40 per cent. 

for 2 inches and over : 

If inch to ^ inch ... CO per cent, 
inch to 1; inch ... 40 per cent. 

If no wearing course is to bo superimposed tho quantity of chips 
should bo increased from 4 cubic feet per 100 square feet to G to 
8 cubic feet per 100 square feet tho largest sized stone remain- 
ing 3- inch. 

Wearing course : — 

If tho wearing course is applied dry tho usual quantity is 3 cubic 
feet per 100 square foot. If, however, it is premized the quantity 
should bo increased to 4 cubic feet and tho grading will bo as 
follows 

For 3' inch carpet : 3 inch ... ... GO per cent. 

3 inch to h inch ... 40 per cent. 

For 1 inch & over : ^ inch ... ... GO per cent. 

3 inch to 6 inch ... 40 per cent. 

( 6 ) If Bitumen is used ; — 

Usually a premized macadam carpet is not laid to a greater depth 
than 2^ inches consolidated and tho biggest sized stone should not 
exceed l3 inches. If, however, a consolidated depth of 3 inches 
or’moro is to be laid, then tho size of tho stone may go up to 
2^ inches. 

Tho grading of stone for normal 2^ Inches premixed macadam should 
bo as follows : — 

50 per cent of inches to If inches stone. 

25 per cent of 1 inch to 1} inches „ 

25 per cent of ^ inch to f inch „ 

Mixed seal coat : — 

If a mixed seal coat is used it should consist of f inch to i inch 
stone chips or grit, 8 cubic feet of chips being required per 100 
square feet. 

' If a liquid seal coat is used then the chips should be applied 4ry at 
the rate of G cubic feet per 100 square feet the size of the dnps 
being ^ inch gauge. 
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In conclusion the anfchors hope Hint this paper will proro of interest 
to members of Indian Boads Congress and. will stimulate thought and dis- 
cussions on methods of bituminous road construction. Wo roiforato that 
the main points wo have tried to bring out arc ; — 

(a) Not to waste funds on osponsivo types of road construetion when 
a cheaper treatment would be suOicIcnt for existing conditions 
of traffic. 

(b) To cvolro by experiments and rosoarch tlio best ways of effocHng 
the cushioning that is so desirable to defeat tlic oniahitig of stone 
chips under heavy traffic, especially under iron tyred bulloci- 
cart traffic. 

(c) To utilise to the utmost the experience and research work of the 

various manufacturers of bituminous products by keeping in touch 
with the technical staff of their organisations. 
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DISC'D SS IONS ON PAPER No. L. 


Colonel G. E. Sopwith (Anthor) : — A ponisnl of the paper will have 
prepared you for the fact that the Authors are not convinced that ttre present 
is the time for the production of a eomprehensiVe Code of Hituininous prac- 
tice, Our view is that, while undoubtedly such items as the preparation 
of fche road prior to treatment with Bitumen or Tar can be dealt with and 
also such as size of metal and chips, the methods of construction and of 
application are in a constant state of flux. This is not of great importance 
to those engineers who now habitually use bituminous binders and are in 
touch with the manufacturers, hut we feel that, in areas and places where 
road improvoniont has not started or is in its osrly stages, the provision of 
specifications direct by the manufacturers backed witli personal experience 
at the site of work, is, in our opinion, a sounder method than the possible 
wrongful interpretation of hard and fast rules laid down by the Indian 
Roads Congress. 

That is our view hut the decision on this must rest natui-ally with 
the members of the Congress and it is for them to decide whether a Code 
should be written now and, if so, how far the Code should go in detail. 

If the Congress decide in favour of a Code, whether covering the 
whole ground or only part of it at the present time, we are strongly of 
opinion that it should consist of a combined section in which details of such 
matters as preparation of surface, which arc common whatever product may 
be used, should ho sot down and then of separate sections dealing with the 
spooifications for Bitumen and Tar respectively, us, owing to certain funda- 
mental dilTerenccs in chai'acteri sties, it is iinpossihie to produce spoeilicationB 
which can without alteration be used, no matter which binder is chosen. 

Wo need scarcely add that, should the decision of the Congress be in 
•favour of a Code now, the manufacturers will give all help in their pow’er by 
preparing speciiicatious and so on, to aid whatever body may be set up to 
draft the Code. 

We would like to add that we wrote the paper purposely in very 
general terms because we thought that thereby we should get possibly more 
constructive criticism. Wo have received advance copies of remarks by two 
mombors which suggests that we were correct in our supposition. Doubt- 
less, we shall lioar furtlier criticisms during the discussion and will deal with 
all of them at the conclusion. 

Mr. W. L. Murrell (Bihar) ; — I confess that I had been anticipating a 
pnper which would ho a first step to enable the Indian Roads Congress to 
ai’rivo at standard specifications for diiloi'ent methods of construction and 
maintenance in dillerent zones in India. 

And I am disappointed. 

In tho'first place, I cannot agree that the present is not a suitable 
time to lay down hard and fast specifications for bituminous work. Indeed 
those specifications are already long overdue. 
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Tho United States of America and most of tlio British Dominions 
have for years had definite codes, thougli tlio climatic and physical conditions 
in theso countrios are no loss divorsificd timn in India. 

If wo feel that tho specifications wo use to-day are liltoly to ho super* 
Ecdod tomorrow, we can do as tlio Coiintrj* Hoads Board, Victoria, have done. 

By undoing a cord which binds Ihoir "Book of Instructions on the 
Bituminous Surface Treatment of Roads, 19.36 ", it is possible to quickly 
tako out old loose leaves, and add up-io*dato leaves. 

While 1 ‘eferring to this book, I would suggest that wo might well 
follow its Divisions 2, 3, 5 and 6. A copy has been mado available in the 
Congress Library, 

My next point is that, though 1 know that the producers of bitumen 
and tar are always ready to help and advise ongincers on their problems, I 
do not think that we, road engineers, can now roinnin content with an 
arrangement which ties us to the apron strings of tho tar and bitumen 
producers. 

In the absence of stnndai'd specifications for even the simplest work 
we must apparently go running to tho producers for advice. 

Personally I think tho arrangement is intolorablc. 

I would go further and say that, if we are to have teachers who must 
advise us on each and everything we do, wo are entitled to expect that our 
teachers should keep us up-to-dato. 

In this rospect I am anxious bccauso our teachers, tho authors of tho 
paper, appear to have failed us in tho following points ; — 

(l) The paper refers to tho Bihar process of using a primer coat of 
thin binder and sand in conjunction, with a second coat of thicker binder 
and chips, as being experimentat. . 

It is nothing of the sort. 

Two-coat work has been the standard practice in certain States of 
Australia for a number of years. 

So far as Chota Nagpur is ooncorned, it is now well over two years 
since I discarded the specification of the tar and bitumen producers in India, 
and adopted the overseas motliod, suitably modified to suit Indian conditions. 

Permit me to enlarge a little on w’hat has been referred to as the 
Bihar process. 

According to the insti'uctions received from the tar and bitumen 
interests, we used to spend n lot of time in 1935 and 1936 in Chota Nagpur 
thoroughly cleaning the watei'-bound surface and opening the interstices 
between the pieces of metal so that tho edges of the metal were proud to 
the extent of 1/16 to 3/l6 of an inch. 
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Besides the extra cost of this thorough cleaning, the old method had 
two great disadvantages. 

In some oases the metal beoame loose and there was difi9cult3', not 
onl)' in brushing the dust out of the interstices, but also later while spread* 
ing the binder. It was diflicult not to dislodge the pieces of metal also. 


The other great disadvantage was that the consumption of binder's. Bond 
Tar No. 2, Spramex, or Socony 105, was very high. 

The tar went down at about 50 pounds and the straight bitumens at 
about 60 pounds par hundred square feet. 

This consumption was higher than advocated b^' the tar and bitumen 
interests but wo could not do much better in practice. 


Having seen the priming coat sj'stom in use in .Australia, tsvo j'eai’s 
before that, I decided to pay loss attention to cleaning, and to attain the 
necessary keying to the water-bound surface by using a more penetrating 
primary binder or primer. 


.As No. 1 Boad Tar was a good deal cheaper than the bitumen com- 
pounds, we tried it, and found that it went on at 36 to 37 pounds in cool 
weather, and 30 to 32 pounds In warm weather. 

But this did not soak in rapidly enough, and it had to be blinded or 
blotted with sand at about 2^ cubic feet per hundred square feet. 


.After about 2 months we did the second coat, or body coat, with 28 
to 30 pounds of Road Tar No. 2 or 30 to 35 pounds of straight bitumen, 
depending on whether the weather was hot or cool. It was generallj' hot. 
This bodj* coat of binder was blinded with ^ inch chips (Indian Roads 
Congress Standard), 3^ to i\ cubic feet for the tar, and J inch size 4^ to 5 
cubic feet for the bitumen. 


Tliis has been the standard practice for nearly three seasons, except for 
some increase in the quantity of chips. 


We claim 

(0 Less trouble with the water-bound surface, and more speed in 
getting the work done efTiciontly, with less supervision. 

(«■) Somewhat less expense, as the amount of binder used is much 
the same, and the No. 1 Road Tar is cheaper than the straight bitumen it 
displaces. 

{iii) The primer penetrates to a certain extent the blinding material 
between the pieces of metal, thus acting as a shallow semigrout aud streng- 
thening the road crust. 

(tv) The primer makes the ovei'lying blinder and chips of the body 
course stick more strongly to the pieces of metal in the road surface. This 
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is especially important 'wliere the stone metal lias a greater aflinicy for water 
than it has for the binder used with the chips. 

{v) The No. I Bond Tar and send form a film rich in binder and so, 
capable of absorbing some finer material, thus delaying or preventing the 
formation of the dust film. 

(wi) The No. 1 Road Tar and sand form a cushion between the stone 
chips above and the road metal below. The cliips, under very high com*- 
pression between the steel tyre and the pieces of road metal, are less likely 
to be crushed wlien so bedded or cushioned. 

This is really a modification of the American and Australian universal 
liructice of priming. They use much less viscuous primers, and they use 
them cold. The primer is allowed to stay on the road till it is pretty well 
all soaked into the water-hound macadam so as to allow traffic in 24 hours 
even without any sand being used to blind or blot it. These countries, 
however, have not got the steel bnllock-cart tyre problem, and so, the No. 1 
Road Tar, really used by Ohota Nagpur in the first place as a make-shift 
primer, is probably better for India than the thinner imblinded primer used 
in America and Australia. 

We are now trying cold bituminous binders and sand but it will be a 
year or two before we can start forming conclusions. 

(2) The paper does not mention the process known as “ drag-broom- 
ing ” and which is described by Captain Graham in his paper intro- 
duced to this Congress today. 

In Chotii Nagpur we-have done a little drag-brooming and we have a 
larger programme in the current season. 

It is my firm conviction that, just as the Ohota Nagpur two-coat work 
is a great advance on the heavy single coat work advocated by the authors 
of the paper, drag- brooming is a great advance on the two-coat woj-k I intro- 
duced into Ohota Nagpur, 2 or 3 years ago. 

(3) The paper fails also to mention the most efficient of all methods 
of surface-treating a road. I refer to the method of spreading a pre-mix by 
means of a sort of drag-planer, a process called “ Drag- Spreading. ” Origi- 
nating in .Australia some 6 years ago, this method is now superseding other 
methods, even in America. 

It is true that drag-spreading makes somewhat higher demands on 
plant control, but the method is very economical in binder material, which 
is the chief item of expenditure in our work. Apart from this, the drag- 
spreading method gives the perfect riding surface, and our teacheis might at 
least have mentioned it in the general survey. 

^ As regards the grading and quantity of dry chips for painting purposes, 
I think the authors have given some very*^ useful figures ; but I would like 
to make a few suggestions- 
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(a) Instead ol mixing tlie large size and small size chips and then 
spreading the mixture over iho binder on the road surface, it is better to 
spread the large size first, roll once to fix the large size chips, and then 
spread the small size* 

This method results in less chips being thrown off the road bj' sub- 
sequent traffic, and hence a thicker seal coat results. 

ib) Some mention might have been made of the econom 3 ' that can be 
achieved w'herever chips are very expensive and sand is cheap, bj' using a 
less amount of chips and making up the deficienoj' with sand* In this case 
the chips arc spread evenly and fixed by rolling once or twice before spread- 
ing the sand, and then fully rolling* 

It is to be hoped that the tar and bitumen producers in India will soon 
reconsider their decision not to draft a series of zone specifications* If they 
have sufficient zone knowledge to enable them to advise, then thej' must 
have sufficient knowledge to enable them to prepare broadzone specifica- 
tions* 


If necessary, we, road engineers, will ourselves take on the job of 
preparing the specifications, though our daily routine duty and numerous 
special and urgent jobs allow us veiy little time for such work. But a nicer 
and more helpful company' than the representatives of the Tnr and Bitumen 
interests, would be very hard to find, and it is inconceivable that they will 
continue to withold tho specifications. 

Mr. N. Das Gupta (Calcutta) ; — As an engineer of one of the princi- 
pal asphalt manufacturing firms, I feet that I am competent to say' one or 
two words about tho excellent paper presented hy my friends. Colonel 
Sopwith and Mr. Griffiths, 

For treatment of kankar, iatorite and broken bricks, tliey recommend 
two treatments, namely : 

(1) Two coat treatment using a pi-imer for tho first coat. 

(2) Providing 3 inches stone metal and then two coat painting for 
I'oads-carrying some bullock cait traffic. 

1 agree with them, but 1 would like to suggest an alternative treatment 
which I specified for a road in North Bihar and found it to be verj' satisfac- 
tory for localities where stone is very expensive and for roads carrying 
fairly heavy' bullock cart traffic. 

This treatment, which is known as 2^ inch sheet macadam consisted 
in laying; 

(l) 1 inch to 2 inches jliama or overburnt brick metal, pi'e-mixed with 

a cuthaok ashphalt at about 20 cubic feet per 100 square feet. 
About l/.*5rd gallon of cutback "was used per oubio foot of jhama 
metal. 
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(2) Frc-inixed sand soul at 4 cubic foot poj* lOOsquavo feet. About 
3/4 gallon of cutback was used por cubic foot of sand. 

The cost of this ti'oatmont at this place was Es. 16/5/- i)or hundred 
squni’o feet, wliich compares favourably with tlie cost of providing 3 inches 
metal and subsequent two-coat painting. 

As regards the reasons for the failure of water-bound roads, on page 4 (l) 
the authors have not taken into consideration two more reasons, which are : 

Actual crushing of the metal. 

Destructive action of rainfall. 

In pai’agraph 2 on page 4 (1) while enumerating the advantages of 
application of bituminous products, the autiiors have, unfortunately, 
oYorloolscd the most important property j c. the water-proofing property 
of bitumen. 

As regards the classification of the typos of construction, I think 
that treatments 2, 3 and 5 are virtually the same and we may term these 
types of work ns pre-mised macadam or plant-mix macadam. I would like 
to suggest the following classifies tion, which you will find is more 
scientific : 

(1) Surface treatment. 

(2) Pre- mixed macadam. 

(3) Penetration macadam or Grouting. 

(4) Bituminous concrete. 

(5) Road-mix or inix-in-placo construction. 

As regards the choice of specification, the authors have considered 
two conditions, namely, trallic and availabilitj' of road metal, but they 
have unfortunately neglected the most important condition, that is, funds 
at disposal. 

Referring to line 13 <5f page 5 (l), you will find that they have used 
the words — best, cheapest and most suitable. Well, the terms " best " and 
“ cheapest ’’ are always contradictory. I think the words " most 
economical " would have been most suitable. 

Now, regarding the choice botw'een pre-mixed macadam and grout, 
the authors have shown preference for the foi'iner typo of construction. 
I agree with them that in this type we require less bituminous material 
and the aggregate can be uniformly covered, hut, I believe, the choice really 
depends upon the intensity of traffic and the quality of the aggregate 
as regards jiitumen-water Affinity- It has often been found that the 
thin film of bitumen round some particular class of aggregate peels off 
by the action of I’ainwater. With this type of aggregate and with roads 
carrying intensely heavy bullock-cart traffic grouting should bo 
recommended. 
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As regards scientific control, I believe it applies equally to pre-mix 
carpeting and grouting. 13y taking a weighed quantity of bitumen and 
spreading it over a measured area, we can easily control the rate of appli- 
cation. Further, grouting has several advantages over the pre-mix type of 
work as regards operation, which arc as follows : — 

(1) No overhead charges fnr hire and transport of mixing 
plants- 

(2) Easier to lay ; average skilled cooly can produce excellent 
results. 

(3) Greater factor of safety by having a relatively large 
quantity of bitumen. 

The superiority of grouting work lies in : — 

(1) Helatively thicker film in between the metal and the chips, 
which makes the pavement more resilient and durable. 

(2) No stripping of bitumen by the action of water in case 
of silicious stones, suoh as granite, quartz, quartzite etc. 

(3) Greater carrying capacity, specially for the iron-tyred 
bullock-carts. 

Mentioning about the defects of grouting methods, the authoi's have 
mentioned that the excess binder acts as a lubricant. 1 do not know much 
about tar, but I can say that 30 to 40 percent penetration asphalt, when 
used at the correct rate, cannot act as a lubricant at ordinary tempera- 
tures. Besides, the metal and the chips are interlocked together. 1 am 
inclined to think that, up to a certain limit, the thicker the film, the greater 
will be the adhesive strength for bitumen and, therefore, the gi'eator 
the stability of the pavement. A stone, coated with a thin film of hinder, can 
easily bo dislodged, but with a relatively thicker film, it is quite difficult 
to do the same- So, oxcess bitumen is an advantage. 

Their second point is that the quantity of bitumen that may be at 
the bottom during the process of grouting is a waste. I again differ w'itb 
the authors. In Bengal, the seal coat is given after 3 — 12 mouths and 
during this interval the bitumen from the bottom gradually works up by 
the action of traffic and heat. 

Referring to paragraph 4 of page 7 (l), wo find that the authors pre- 
fer one size of stone rather than graded stone for making bituminous 
concrete, as they consider that the smaller size chips vrould interfere with 
inter-locking. I agree with them so far. But, the point which disturbs me 
is, whether the sand-bitumen mastic, in between the voids of one size stone, 
would be as strong as graded smaller chips and sand* I think the main 
principle in bituminous concrete lies in the elimination of all voids by using 
graded chips, sand and filler in such percentages which very nearly correspond 
to the Maximum Density curve* "With open graded pre-mix, however, we can 
eliminate filler, and even sand, but we must have graded chips to fill up the 
voids of the immediate larger chips. Moreover, in bituminous concrete type 
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of work, the stability is obtained by filling up of all voids and nob by 
meobanical interlocking. If we do not put the graded chips, we cannot 
call it a bituminous concrete type of work ; we should rather name it 
bituminous macadam. 

In this latter type of work, my experience is that it is much better to 
put pre-inixed sand on top of pre-mixed stone chips rather than mix the two 
together. The pre-inixed sand seal provides a very strong hard non-abrasive 
skin quite fit to combat the heavily laden iron-tyre of bullock-carts. 

Mr. G. B. Vaswani (Karachi): — This paper has been written by 
Colonel Sopwith and Mr- Griffiths. Colonel Sopwith, as you know, 
represents the Shalimar Tar Company, and Mr- Griffiths represents the 
Burmah-Sheil. The meeting of these two gentlemen on one platform is like 
the meeting of the Ganges and the Jumna at the confluence. It is the Roads 
Congress that should be congratulated for having brought these two ex- 
perts of different companies on one platform. Befdre the Roads Congress, 
I remember the days when the representatives of these two companies used 
to speak against each other. Now the time has come, with the efforts of 
the Roads Congress, when both can combine and give us a specification 
which would be useful to the benefit of all. The representatives of the asphalt 
company used to tell us to repaint the asphalt road with asphalt only, 
similarly the tar company desired that once the surface is tarred, it should 
be repainted with bar only, so as to maintain it a tar road. We found ofJ 
our inspections that if the pre-mix done with tar was given a coat of 
Socony asphalt or Spramex, the results were satisfactory. This is the first 
paper written by the representatives of both the companies jointly and I 
hope that they will draw further specifications for the benefit of the 
engineers and give us expert advice and thereby save the tax-payers’ money. 

Mr. A. K. Dutta (Calcutta) : — Bituminous Bonded sm'facing on R.B.C. 
foundation is 

(1) Excellent for Bengal where stone ballast is very costly. 

(2) Excellent for Bengal in case of new roads where there is 
likelihood of settlement. 

Mr. Vaswani said about the combination of the representatives of 
Messrs. Shalimar Tar and Messrs. Burmab Shell in producing the new 
paper on bituminous roads. 

T come here with a suggestion where cement companies can co-operate 
with Tar and Asphalt Companies in producing a better class surfacing. 

We saw on our first day, while inspecting the Calcutta-Jessore Road, 
about 6 inches Reinforced Brick Asphalt Concrete road, constructed in the 
year 1932 and its condition in 1939 t.c , 7 years afterwards is still ideal. 

In case of new roads this construction is ideal as there is every 
chance of settlement of the foundation.- Asphalt surfacing will yield 
with the settlement, whereas cement surfacing at top would then crack. 
I ask the writers of the paper their suggestions as to the most economical 
bitumiuous surfacing o R. B C. foundations. 
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Colonel G. E. Sopwith (Author): — In introducing our Paper we gave- 
our reasons why we have nob given the necessary details to enable the 
production of a Code. I do nob, therefore, propose to reiterate our 
reasons and will go on to Mr. Murrell’s further criticisms. 

■(i) I personally do not believe that the system tried in Bihar of a 
'primer coat of thin binder and sand with a second coat of a thicker binder 
and chips is the last word on the subject. It is too complicated a subject 
to deal w’ith within the limits of this discussion but I definitely think that 
it merits constant thought and that it is still in the experimental stage 
and it might form the subject of a special paijer before the next Congress. 

(ii) Mr. Murrell has asked why we have omitted drag-brooming.. 
Briefly, our reason for doing so was because the paper -was written in 
general terms and w'as written in view’ of the existing work which is 
carried out in India. We are quite prepared to assist engineers who 
desii-e to carrs’ out drag-brooming, bub our own opinion is that equally 
satisfactory results can be obtained by hand-brushing by coolies. 
Although not mentioned in the remarks w-e have frequently heard this 
process called “mix-in-place So far as we are aware, this term is used, 
only for a different process involving the use of graders, wind-rowing, etc., 
and we think that to use the term for a totally different process is 
apt to lead to confusion and misunderstanding. 

In our paper we have mentioned two-coat work and W’e do not 
fully appreciate Mr. Murrell’s suggestion that we have ignored this type of 
construction, bub there again w'e must point out that in our paper we 
have only briefly mentioned all types of construction. Both coats 
have their value according to local circumstances and these are so varied 
that a selection of method has to be adopted on individual merits. 

We should like to point out that the use of the. word ' Primer ' is apt 
to lead to misunderstanding, as pi'imer coats ai'e usually light applications- 
while first coats are normally heavy ones. 

(iii) Mr. Murrell refers to drag-spreading. This involves the use 
of more plant and we feel certain that Mr. Murrell will be the first to- 
agree with us that the entire I'oad development of India is held up tlu'ough 
the lack of funds which prohibit engineers from purchasing materials and 
plant necessary to enable him and them to give the results which the 
general public expect. We could have said a lot about this method of 
construction but we felt at the time of writing the paper that it was un-- 
necessary to enter into the details. 

(a) The spreading of the large size chips first, rolling once ana- 
then spreading the small size and rolling to set is unquestionably a sound 
method and we regret we omitted a reference to this (while trusting that. 
Mr. Murrell will accept the fact as an ovei'sight and not a demonstration 
of our not being up-to-date). 

We did nob mention specifically the possibility of using sand and 
chips instead of chips only for cheapness. In our view a deeper principle- 
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IS 6ngaged. We oonfeented ourselves with using the phrase "chips and/or 
sand We have already referred to this in our comment on sub-clause 
'(l) of Mr. Murrell’s remarhs. 

Mr, Murrell was good enough to give us some rough comments on 
-our paper some time ago and amongst them made the remark that " most 
•of what will be known is known now ”, We do not think Mr. JIurrell 
meant us to take this boo literally, for that line of thought would be a 
partial deterrent to constructive thinking and no one can accuse 
Mr. Murrell of that. Speaking personally, I thought, when I left the 
service, that I knew quite a lot about road construction and maintenance. 
Now after having concentrated my mind solely on roads for 8 years, I am 
mot so confident. While we certainly know a lot about existing methods 
we are, in my view, still far from perfect methods which only constant 
'thought, research and practical experiments can help all of us towards. 

I think the really great changes in nietkod that })ave occurred in the last 
•decade are a fair proof of the correctness of this view. 

Reply to the Comments made by Rai Sahih Tulsidas Banerji®: — The 
practical point affecting a carpet of graded stone and a bituminous concrete 
is that, while a dense mixtuire of graded stone is necessary to obcain the best 
results, the grading must be very exact and be proportioned through all sizes 
from the largest down to stone dust. This can only he done if very elaborate 
■ and expensive stone-breaking plant exists and this is not financially possible in 
India to-day, except in very large cities. We have to rely on rough and ready 
:grading, which is all that hand-breaking can produce. If the stone is very 
.hard and not brittle, it is a very satisfactory method but otherwise, there 
'is the fear of crushing, because the mass is not dense enough. Hence the 
‘introduction of sand in place of the small particle, as by this method, the 
'voids are completely filled. It is true* that more binder is necessary but 
the use of sand, if cheap, instead of small particles, which are usually 
•expensive, more often than not, balances the expense of extra binder and 
the finished cost rarely exceeds that of a pre-mixed aggregate carpet. 
Incidentally, if a graded carpet is constructed where a mechanical stone-' 
breaking plant is in existence, the hinder used is nearly as much as in 

• constructions such as Shelcrete or Tarcrete and the cost much greater. 

< 

' The sand acts partially as a cushion and prevents the. breaking of 
•stone when the latter is brittle. The sand is also, by its nature, hard and . 
-in actual practice takes, and is capable of taking, traffic without destruction 
•of 'the metal particles; in other words the wearing is either less or even. 

The quantity of hinder is carefully designed to give a thin film 

• on each particle of stone and sand. No excess to cause tacking, therefore, 
•e'xists.' 

r,»- . . * 

f 

The question of absorption or reflection of artificial light by road 
surfaces is of great importance. A study of technical publications for some 
years past will show that it is boing investigated in America, Great Britain 

. 1 . #'These comments were received by post and are printed under Corresnon- 
■dence'on page.32 (i). ^ . 
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-and on the Continent in all its aspects. So far, though considerable 
progress has been made, really satisfactory conclusions have not been 
reached. Such investigations are very e^spensive and, in the present 
■stage of road development in India, it would appear wise to watch the 
results of investigations elscwhei'e and to adape to Indian conditions 
methods which may ho satisfactorily evolved. 

Slipperiness is the bane of all road-users and constant research into 
the host method of producing non-skid surfaces is carried out and results 
incorporated in actual construction in India as well ns in other counti'ies. 


OOBRESPONDENCE 

I. ’'Comments by Bai Sahib Tulsidas Banerji, M, E. S., Jubbulpore, 
received by post. 

1 congratulate the authors for their very excellent paper covering 
practically all the essential features of a good road. There are, ho\\’over. one 
•or two points, which should be clarified. 

Regarding pre-mix macadam, it is stated on page 7 (1) of the paper 
‘that the strongest type of construction 'which could be laid out would be one, 
where all the voids are filled, and the spaces between the stones packed tight 
with a material which prevents the stones from moving. Jiituminous con- 
crete is this type of construction and answers the requirements given above. 
By taking one size of stone and pro-coating it with a bituminous binder, to 
winch is added pre-coated sand, a strong dense carpet is obtained. In view 
of the fact that no small stones are used, there is no danger that they might 

•not go into their proper place between the big stones The coated sand 

makes an excellent material for filling the voids ”. 

The idea apparently is to have a dense mixture. But it is n well 
known fact that the densest mixture occurs only with stone metal of difTei-ent 
sizes so graded that the voids of each size are filled with largest particles going 
into them and the bitumen provides only a thin film, just enough to firmly 
bind the stone particles together. Voids in similar sized particles are very 
high averaging over 42%. This equally applies to sand, wliioh in turn 
means larger quantity of bitumen. Then, as the voids will he filled with coated 
•sand, it would be iuteresting to know its actual otl’ect on the road surface. 
"Will the sand wear uniformly with metal or would it produce a wavy surface ? 
How would the excess bilumen react on the road surface ? It is very likely 
that it would exude upon the surface by the action of heat and traffic and 
tend to make the road slippeiy. 

Now that the motor vehicles are daily increasing in number and craze 
for speed is on the ascent, control of speed is getting more and move difficult. 
Roads will now have to be made to suit the speed. It, therefore, follows 

* Colonel 6. E. Sopwith's reply to these comments appears on page 21 (!)• 
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that any measure, however slight, which aflfords increased safety on the 
road, merits consideration. 

Slipperiness helps skidding, which may result in fatal accidents. The 
aim should, therefore, be' to provide non-slippery surface, mosaic in appear- 
ance and skid-resistant at high spaed. 

Another aspect of bituminous roads, which requires investigation, is 
the extent to which they absorb or reflect artificial light such as powerful 
head light of a motor car. It is a^atter of common experience that ivat 
and smooth surfaces give inoreasefl^glare. In wet roads, perhaps the film of 
water covering the surface acts as a reflector, and breaking this up by pro- 
vision of a suitable surface texture might reduce the glare of approaching 
head lights. But to arrive at scientific data, the cause of and remedy for 
slipperiness and glare should be carefully studied and tests carried out under 
varying conditions prevailing in the country. 

. II. Eeply by Colonel G. E. Sopwith and Mr. W. A. Griffiths (Authors)' 
to the comments^ of Mr. IT. Eas Gupta. 

^Tr. Das Gupta’s remarks are of interest and value. Taking the points 
in order : — 

(а) Treatment of hanhar etc^ — Our paper deliberately did not go into 
all the different methods of treatment, designed as it was to elicit construe- 
tive criticism. A refer^enoe to tlie paper will show that we gave well-burnt 
brick as an alternative to stone metal. The method suggested of pre-mixing 
the brick metal and super-imposing pre-mixed sand is interesting- The reason 
W’e suggested 3-inch thickness was to get less pi-essure per square foot on the- 
original surface and our experience suggests 3 inches as being better than 2 
inches unless the subgrade is realij’ solid- It appears to us that the solidity 
of the subgrade is the ruling factor for depth of metal. 

(б) Beasons for failure of water-hound roads. — We are afraid we took 
for granted that members would appreciate that crushing of the stone metal 
itself is an obvious reason for failure and w'e endeavoured to make clear that 
if the stone is liable to crushing some method of cushioning is of vital 
importance- 

We also assumed that members would realise that waterproofing is a 
vital principle and that it is automatically produced b3'^ bituminous treatment 
but wo should perhaps have said so definitely. 

(c) Glassification of types of construction , — The suggestions can he- 
considered by the Technical Sub-Oommittee and a standard eventuallj-- laid 
down. We are not, however, sure whether it is wise not to differentiate 
between thin and thick carpets, while item (2) as given by us refers merely 
to pre-mixing the chips or gravel for surface treatment and is based on 
somewhat different principles than those of carpets- 

(d) Funds at disposal. — We agree that " most economical ” is a better 
terra than “ Cheapest and best ”. 


These comments are printed under Discussions on pages 16 (1) to 18 (1). 
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(e) Siee of stone for bituminous concrete . — This is a good illustmtion of 
the difficulty of wiitiug a joint paper. Actually when using Tar, a degree of 
grading is adopted- It would appear that manufacturers of bitumen do not 
always adopt the same specification. 

(/) Spcci/icatiou for biluminom mncretc. — Mr. Das Gupta favours 
laying the pre*uiixed chips and super-imposing the pre-mixod sand instead of 
mixing the two together Hrst. Wo do not think that the essential principle of 
completely filling the lower voids is certain to he fulfilled by this method 
and we think that there is danger of collapse if the stone is not very hard 
and so crushahle under very heavy traffic. 

The criticism is constructive and, therefore, valuable and worth consi- 
deration by the compilers of a Code, if and when the latter is written. One 
vital point in such a Code is,- in our view, the complete bifurcation of tlie 
sections dealing with Bitumen and Tar after a prclimituu'y section em- 
bodying specifications common to both for preliminary treatment of surfaces 
before application of tlie bituminous products. The details of a Code and 
the extent to which it is now possible to produce one is for the further 
consideration of the Technical Sub-Committee, who would put up their 
opinion for the decision of the Congress, 
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BEVITALIZATION OF TABBED OB BITUMBNED SUBFAOES BY 

MIX-IN-PLAOE METHODS USING OUT-BAOK ASPHALT. 

By 

Captain E. C. Graham, E.E., 

Executive Eugiaoer, P.W.D., Buildings & Beads Division, 
Peshavrar Gantt. 

This Paper deals exclusively with an operation actually carried out in 
Teshawar, North West Frontier Province, and, as such, is a description of 
that work and is not meant as a rule laying down how similar work should 
bo carried on elsewhere. Conditions vary in different places but where metal 
and bujri are cheap the Paper may be taken as a guide for the type of work 
carried out. 

The author has been faced on a number of occasions with the problem of 
how to deal with disintegrating tar and bitumen miles laid in the earlier 
years wiien such processes were first applied. It appears that in the North 
West Frontier Province (and quite possibly in other parts of India too — 
though the author has no knowledge of this) such surfaces often break up 
badly. The probable reasons for this have been looked into in detail by 
the author ; they are numerous and open up a problem quite separate to the 
subject of the Paper. The ehiof reason appears to bo overheating of the 
binder, while laying, by an ignorant staff. The fact remains, however, that 
the binder loses its viscosity (perhaps bettor described as its elasticity), dries 
out and breaks up under traffic into dry pieces which powder easily in one’s 
fingers. When this starts, the road surface rapidly disintegrates forming 
many pot holes. 

The question then is — what should bo the remedy or remedies ? They 
are numerous but the four main ones may bo described as : — 

(1) Bomoving the road surface, rometalling and surfacing. 

(2) Scraping off the top surface, levelling up the existing metal by 
adding very small quantities of half-inch gauge metal and 
surfacing. 

(3) Keying the existing surface (or removing it completely) and adding 

a promix carpet. 

(4) Adding a mix-in-plaoo process to the existing surface, having first 

filled in the pot holes thoroughly. 

Processes 3 and 4 should only be applied when the engineer in charge is 
quite satisfied that the material in the existing surface (this does not include 
the road base and the old metal below the surface each of which is assumed 
to have reached its final settlement) will bear the pressure of the traffic as 
applied to the now surfaces to be added, i.e., ho should be quite certain that 
the old surface will not crush under load and so cause waving and depressions 
in the now surface. If the latter occurs the life of the now surface is 
obviously shortened. 
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OoDcrefce is definitely not mentioned because, unfortunately, it is too 
expensive for the North "West Frontier Province— whose finances are meagre. 

The Paper deals with the Saddar Eoad ; this runs through the shopping 
oentre of Peshawar Cantonment. The average daily intensity of, traffic is 
about 200 tons per foot. 

This may not appear a large figure but, in actual fact, owing to its 
continual stopping and starting when visiting shops, the traffic' does exert a 
very much higher road wearing factor than a similar intensity would on an 
open road. In addition various building operations seem always to be in hand 
in the nearby bazaar and a considerable number of heavily laden bullock-carts 
(with narrow wheels) carrying bricks pass to and fro. 

‘ ‘ ‘ In 1933-34 the surface was re-treated with a cold bitumen emulsion ; 
the blinding used was half-inch local nullah biipi which is cheap and also 
bard wearing. This stood up well for two years but, in 1936, the surface 
began to show signs of wear and patch repairs became necessary. These 
patch ' repairs unfortunately could not keep up with the wear and early in 
1937 it was obvious that special repairs were necessary. 

.After due consideration it was decided that a mix-in-place treatment 
would be the most suitable on the grounds that other processes, like re- 
metalling, would take too long and would, therefore, interfere too much with 
,the shopping traffic. 

Work was carried out during the end of September and the beginning of 
October 1937. The weather was fine with no rain at all. The average 
maximum day shade temperature was 94.6 degrees Fahrenheit. 

Before the materials were collected at site, it was decided to order a 
special drag broom which latter is essential in the process. It has been found 
from past experience that locally made drag brooms are not efficient but a 
very suitable one was procured from Oawnpore, vide plate on page 5 (p). It 
is. interesting to note that the brashes are very easily replaced by virtue of 
the fact that they are bolted into the cross beams. 

First, the. road surface was thoroughly well cleaned and, concurrently 
with this, all depressions in the surface itself and all pot holes were cleaned 
out. They were then painted all round with cut-back Asphalt. The latter 
-material is a proprietary article which is applied cold. After this application, 
the depressions and pot holes were filled and rammed up to the existing road 
surface level with three-fourths inch gauge chippings mixed with crushed 
stone and cut-back Asphalt at the following rates 

Half cubic foot Chippings broken from 6 inch blue limestone River 
boulders. 

Half cubic foot Crushed stone. This was obtained from the small 
pieces which came from the breaking of the chippings. About i to 
it inch gauge. 

Four pounds of Out-back Asphalt. 

The road surface was now sufficiently level for the whole of it to be 
painted with cut-back Asphalt prior to the addition of the stone material for 



±he premix. The cut-baok Asphalt ms applied at the rate of twentyfive 
pounds per hundred square foot. The work was done in strips of one hundred 
and fifty feet at a time for the whole width of the road which is sixteen feet. 
When this painting was complete, three-fourths inch gauge cbippings were 
spread at the rate of four cubic feet per hundred square foot of the road 
surface. 

While this was being done, a second length of one hundred and fifty feet 
was being iiainted similarly to the above. This was completed with chip- 
pings in due course making a total of three hundred feet ready for mix-in- 
place work. 

The throe hundred feet was then subjected to the drag broom which was 
originally drawn by a motor car. The object of this was to demonstrate to 
the steam road roller driver how the drag broom should be applied as it is 
essential to impress on the workmen that the drag broom must neither be 
drawm too quickly nor jerkily. After a short demonstration the drag broom 
was attached to the steam road roller. 

The object of the broom was to turn over these chippings on top of the 
painted surface until such time as they became fairly coated with the cut- 
back Asphalt ; this is recognizable as it has been found that with the quan- 
tities applied this occurs when the whole of the chippings appear black. 
While this is being done, the effect of rolling is so slight as not to compact 
the material until it has been properly coated. When this occurred, light 
rolling was started j this was just sufficient to compact the material slightly. 

When this rolling was complete, the crushed screenings from the chip- 
pings together with one-quarter inch hujri (approximately at the rate of half 
the quantity of chippings already put on) w'as sprinkled over the road 
surface with a view to filling any remaining voids. When this had been 
done, further drag brooming and hard compact rolling were carried out 
simultaneously. 

This was the first day's work. On the next day the surface was Idinded 
with coarse sand which was rolled in tight and the road w'as immediately 
opened to traffic. 

Rolling in each case was dona with a ton ton roller. 

The work was continued throughout the whole length of the road which 
was 4,700 feet. 

h. small point which might be of interest is the following : — 

In one portion of the road, as it existed, the camber was excessive and 
to get rid of this the three-fourths inch gauge chippings -were increased from 
four to six cubic feet per hundred square feet with the con*esponding amount 
of out-back Asphalt and the extra thickness was laid on the outside edges 
of the road. Drag brooming and rolling was applied as before and the 
surface was fiattonod successfully to oounteract-this camber. 

In conclusion it has been found that in Peshawar District this type of 
work is very much cheaper than rcinetalling and surfacing or than using a 
.throe-fourths inch premix oariiot. 



Costs. 


1. The coai; of one-quarbei* inch bujri per hundred cubic 

feet is ... ... ... ... Bs. 10/- 

2. The cost of three-fourths inch chippings per hundred cubic 

feet is ... ... ... ... Bs. 15/- 

3. The cost of coarse sand per hundred cubic feet is ... Bs. 8/ - 

For a 16 feet wide road the comparative costs are : — 

1. Mix-in-placo ... ... Bs. 6/- per hundred square feot. 

2. Eemetalling and surfacing (Two and 

a quarter inch consolidated)' ... Bs. if- per hundred square feet. 

3. Three-fourth inch premix • ... Bs. 7/8/- to Rs. 8/- per hundred 

square foot. 

The work has been extremely successful but the author would like to 
state here, that there are certain points which need careful attention. 
They are : — 

1. The drag broom must be efficient. 

2. The material must be thoroughly -well mixed up before final rolling.- 

3. Ko dry patches must bo loft on the road. 

4. If there is any tendency for bareness to occur in places whilst drag- 

brooming, the work must be stopped and such places must be 
painted with cut-back Asphalt and additional chippings and hxijri- 
put on before the work is allowed to continue. 

Photogbaphs. 

Photograph No. 1 shows the road surface as it began to disintegrate. 
There is only one pot hole shown ; it is in the centre of this photograph' 
This was about six inches deep at the time. No other photographs are 
available to show the state of the road when work was commenced. 

Photographs Nos. 2, 3 and 4 show the finished mosaic surface which is 
standing up to traffic very well. These photographs were taken seven 
months after the work was completed and considering the traffic going over 
this surface it has stood up very well indeed to wear. 











DISCUSSIONS ON PAPER No. P. 


Mr. W. Lawley (N. W. F. Province) : — Oapfciiin R. 0. Graham is very 
sorry ho is unahle to bo proscub to clay; he has liowovor left the P. ’W. D. 
atnl is now at the War Oilicc, London. He has asked mo to introduce ' his 
paper. Unfortunately, I did not aoo any of the work which forms tho 
subject matter of liis paper, during execution. I have liowever, on mj' way 
to Oaloutta, inspected the Saddar Bazar Bond in Poshawar. 1 was told that 
six montlis or so after tho mix-in-placo surfacing was done, the road surface 
was uneven and ratiior dry. It was decided to patch and surface-paint this 
witli 1.5 pounds of cuthaok aspliait per 100 square feet, iiltndcd with hajri 
i inch to -t incii. Tho cost of this surface painting was Bo. 1/- per hundred 
square feet. Tlio surface of tho road now is very good. 

In July 1938, this mix-in-place method of treating a brittle and de- 
vitalized surface was adopted for mile 273 of the Grand Trunk Boad, just out- 
side Poshawar City. The trafiic there is very lioavv. Tiie specification was 
altered slightly, 30 pounds of cutback was used per 100 square feet ; 25 pounds 
painted on tiio surface, then 6^ cubic feet of i inch cbjppings nor 100 square 
foot spread, and the drag-broom used a.s bofoi'e. Tho remaining 6 pounds of 
cutback was sprinkled on tiie surface afterwards in places where the stone 
had not boon thoroughly coated. Two cubic feet of b.ijri and sand was used as 
hliudage. Tlic result at present docs not appear too promising. It seems 
that in places a distinct layer has been formed between the 5 inch chips, 
and tlia blindage subseqttonlly applied. This upper layer is, in isolated 
places, pooling off. leaving tho *? inch layer underneath sound and 
compact. Tliis could probably have been avoided by blinding witli sand 
instead of hajri. Tills road is now slightly bnmijy and will ho treated with 
another surface coat of gallons of outback per 100 square feet in the 
early summer, to correct this. 

Tho reason for tho uneven surface after treatment in both oases, is 
probably duo, to doing patch repairs to tho original road surface loo soon 
before re-surfacing. - Captain Graham has given a hguro of Es, 7/- per 100 
square foot for metalling and surfacing in his table of comparativo costs. 
This figure may he misleading, as wo do surfacing on a newly metalled mile 
in two parts surfacing soon after metalling and then another surface coat 
Avithin 6 months. Ho is referring to the cost of the initial surface coat with 
metalling. • The complete cost would bo Bs. JO/- per 100 square feet. 

With these introductory remarks I have great pleasure in presenting 
Captain Graham’s pa])er. 

Mr. S. Bashirath (Punjab) : — I have just a small quarrel with tlie author 
and that is about the title of his paper. The term '■Rovitalization" w'ould 
in this case appear to ho an entire misnomer. With tho title as it stands, 
one Avould naturally conclude that the object of the method adopted was to 
got a fresh surface from tho old to which it was allied by some method of 
rejuvenation — a sort of monkev-gland treatment Avhich infused a fresh lease 
of life to tho surface ns it originally existed. Actually we find that nil that 
Avas done, was to re-lay a brand new surJaco’on the original, Avhioh certainly 
'oannot ho called a ."JReAUtalization” process. 



Mr. S. A. Amir (Bihar) : — My aim in tahing part in discussions on this 
paper is not to ofTev any criticism but to have a few points cleared up and to 
acquaint you of a fo\v things which were experienced in carrying out similar 
woi‘k as an experiment on certain roads in the Hazaribagh Division. 

In method No. 2 suggested by the author of the paper for dealing with 
<lisintograte(l tarred or hitumened surfaces, ho mentions "Scraping off the 
top surface, levelling up the existing metal by adding very small quantities of 
half-inch gauge metal and surfacing”. How should this bo achieved if anything 
more than simple repainting after removal of the perished surface is meant? 

In connection with method No. 4 for filling in pot-holes in advance, it 
is suggested by the author to clean the pot-holes and depressions and paint 
them all round with cutback asphalt and then to fill them up with pre-mixed 
^shippings (4 pounds of cutback asphalt to a cubic foot of graded chippings). 
The pot-holes’ surface being naturally rough and in a cavity there is a risk of 
its retaining more of cutback asphalt than in painting a level and a smooth 
surface and this combined with the asphalt in the prc-inixed chippings at 
the rate of .4 pounds to a cubic foot is, ns experience shows, liable to give 
spots too rich in asphalt wliich will develop in course of time into bad 
Ijumpy spots in a surface which may otherwise have excellent riding quali- 
ties. In photograph No. 4, the black spots may bo indications of such 
bumpy spots developing in the road surface. I would suggest that the tack 
•coat n'light bo given with two parts of cutback asphalt, like socofix, with 
one part of kerosiue and in the preparation of pre-mixed chippings as little 
•of cutback asplialt should ho used as possible. 

It is said that after such initkl patching up the road surface hecamo 
sufficiently level. This being so, and considering that only 25 pounds of 
•cutback asphalt and 4 cubic feet of 3- inch chippings were used, one won- 
ders if at all drag-brooming was necessary and why simple painting and 
laying chips would not have been suiUcient. Bvidently adding of the 2 
cubic feet of hajri per 100 square feet subsequently was for filling the inter- 
stices between the bigger chips and not for correcting the level of the road. 
Only in the portion of the i*oad where camber is said to have been exces- 
sive, requiring corrections, and for which 50 percent more chips and cut- 
back asphalt were used, the di'ag-hroom seems to have been indispensable. 

In my opinion unless one has to deal with surfaces which are not 
true and have humps and depressions or faulty cambei', giving bad riding 
qualities, mix-in-place surfacing would un-neceBsaril3' require more expense 
than straight-forward painting work. 

As stated before, some experimental mix-in-place work with drag 
brooms was tried in Hazaribagh Division in ^lay last year on a 1936 hitu- 
inen surface and a 1929 consolidated water-hound surface which was rough 
hut not corrugated and had excessive camber. Main feature of the work 
was the same as described in the paper but following additional details may 
he interesting and useful to those who may have to do any such work in 
future : — 

(t) The 1936 bitumen surface (9 feet wide) had depressions and had 
humps giving bad riding qualities. Cutback asphalt was applied at the 
rate of 20 pounds per hundred square feet, and 5.7 cubic feet chips were laid 
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(S.d cubic fool of inch chips on feet strips on the sides and 2.3 cubic feet 
of ^ inch chips in the centre) in 100 square feet area of the road. Over this 
there was n furtiior application of critback asphalt at 8 pounds per hun- 
d]‘ed square feet, with the help of pouring tins, with lower half of one side 
perforated and drag-broom was worked over it to mix-in-place and level 
up the surface. Application of binder in two instalments means more time 
and coat and I am not sure if it gave sufliciont advantage to bo preferable 
to the single instalment application as done by the author of the paper. 

(jj) In working the drag-broom it was found advantageous to make 
2 or 3 persons sit over it in the initial stages to add to its w'oight for being 
■more effective in making chips to roll and get coated with the hinder in 
place. 

(ill) At original depressions, at sides and whore suflicent chips had 
not been initially put in, the drag-hi'ooin was not touching and hence more 
Kihips had to be laid and additional cutback as])halt was poured over it 
with the perforated tins. 

(lu) During rolling without drsig-hrooni attached, haro spots appeared 
and luid to bo filled up with inch pre-mixed chips (3 pounds to one cubic 
foot), hut work did not have to bo stopped (or this as is suggested hy the 
-author to bo necessary. 

(u) Finishing wos done hy laying and rolling i inch to i incli chips 
a.t the rale of 1 cubic foot followed hy sand at the rate of 1 cubic foot per 
100 square feet and the road was opened to trailic after 48 hours. 

(vi) In all, 31 pounds of cutback asphalt, 7.9 cubic feet of cliips, 
•if inch to -J inch gauge, and 1 cubic foot of sand were used per hundred 
square feet. Cost worked out to Rs. 4/8/- per hundred square feet against 
Rs, 3/4/- if simple iiainling with cutback and chips would liave been 
possiblo and if levels and excessive cambor wore not i.o bo corrected. 

(vii) In mentioning the above iigui’es, I wish to stress tiint where 
-levels have to ho ooi'roctod, consumption of moro materials tlmn in simple 
.paint work, is indispensable and without tlio help of drag-broom these 
could not be projicrly laid on the road. 

In the case of tlie old water-bound surface, work was done exactly in 
the same manner except tliat 30 pounds of cutback asphalt was laid on 
the road surface followed by 15 pounds over the chips per hundred square 
feet. This increased quantiiy of hinder was obviously for allow’ing for 
penetration within tho water-hound surface in tho absence of any initial 
'.primer coat. , 

Incidently it may bo mentioned boro that witli a view to reduce cost, 
on a portion of tho water-hound surface, Road Tar No. 2 at .32 pounds per 
.’hundred square feel was laid in place of tho first instalment of cutback 
■asphalt and over it chips wore laid and above those outback asphalt 
( 15 pounds per liundred square feet) was applied. It was remarkable, 
.while drng-broomiug, how long tlie mixture of Road Tar No. 2 and 
'cutback asphalt romainod soft and it 'took so much longer to sufficiently 
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stiffen for being rolled compact that its success looked doubtful at the time. 
Bub after all; ‘this turned out as good as the other stretch done with cut- 
back asphalt 'alone and the cost of thd' former worked out to Es. 6/- 
per hundred square feet against Es. 5/13/- in case of the latter. Probably 
even smaller proportion of cutback asphalt ' -would suffice to enable 
mix-in-placo ' with Eoad Tar being carried out and this should give a still 
lower cost. This is proposed to be further experimented upon, but it is 
still to be seen which of the two stretches wears better, i.e., the one 
done with cutback asphalt alone or the one done with n mixture with 
Eoad Tar No. 2. 

In conclusion, I think there are . groat possibilities of improving 
sealed surfaces with bad riding qualities or surfacing roughish water- 
bound surfaces without reconsolidation with the help of such mix-in-place 
treatments with economy. 

I • • I ■ 

Mr. K, G. Mitchell ( Chairman.) : — I)oes anyone else wish to speak on 
this Paper? 

I do not know whether lilr. Lawley would like to reply to the 
comments. 

Mr. Lawley: — ^Eeplying to Mr. Bashiram’s criticism of the title of the 
paper, I would refer him to para (2) in which the author has explained 
that the problem facing him has been how to deal with ’disintegrating Tar 
and bitumen miles, carelessly laid in the past. The operation described in 
the paper is intended to put new life into these old surfaces without which 
it would not be practicable to put a new wearing surface on top of them. 
Without this revitalization process the alternatives would be as described 
in paragraph 3, items (l), (2) and (3). 

I should like to thank kir. S. A. Amir for giving us an account of 
his experiments in using cutback asphalt for surfacing by mix-in-plaoc 
methods. He appeal’s to have used this method as an alternative to 
pre-mix work; while the author’s object in using raix-in-place methods 
was not as an alternative to pre-mix. but in order to liven up or revitalize 
the old surface of the road, which at the same time was not true, and 
had excessive camber. 

The author’s intention in method (2) w’as to remove the perished 
surface and then do simple repainting. 

I agree ivith Mr. Amir’s remarks regarding pot-holes. In actual 
practice these did tend to become too rich in asphalt. 1 consider that pot- 
holes should be separately treated about 6 weeks before the main surfacing 
urork is commenced. I would prefer treating the pot-holes with a pre-mix, 
as the need for revitalization in such spots does not liold. 

"■"Eegarding the criticism as to why drag-brooming was used instead- 
of simple painting, when the road surface was, in the words of the author, 
“ sulfioiently level for the whole of it to be painted with cutback asphalt”. 
The author, I think, means that the surface was reasonably level, but- 
not' true to camber, nor had minor depressions, been 'removed. iBy 



12 (p) 


drag'brouming the whole surface was made accurately level and true to 
camber; whereas simple painting would have reproduced on the finished 
surface the minor irregularities underneath not corrected by the patching. 
I agree that this inix-in-placo surfacing should not be used in place of 
simple painting, except when the surface is not true and gives bad riding 
qualities. 

Hr. K. G. Mitchell (Chairman) I am sure you will all join mo in 
ofiToring our very iicarty thanks to the authors of these Papers, and in parti> 
cular to Col. Sopwith and Mr. Griffiths. Mr. .Murrell has pointed to the need 
of standard specifications and has referred to tho practice in other countries 
such as tho U. S. A. and Australia. But, as far as I am aware, in both 
those countries tho specifications arc drawn up by the State authorities, and 
although they may follow general standards of practice, they are peculiar to 
tho localities. At this Congress, wo have had throe Papers which were 
written as contributions to the eventual standard Code of Practice for tho 
whole of India, loading from tiio layout of roads, earth-work, and consolida- 
tion of macadam to practice in regard to bituminous surfacing and crusts. 
My personal feeling is that wo arc still progressing in bituminous practice 
upon which it is, therefore, difficult to dogmatise, hut that tho principles of 
layout, earth-work and ordinary metalling arc sufficiently well-established 
to ho standardised without question. As far as I am aware, there is no 
text-book dealing with tho more olomontary or basic principles of road 
construction, other than tho bituminous surfacing, to which people can refer 
and I think that, even if wo find it impossible to codify bituminous practice, 
the Code of Practice for tho I'ost will be invaluable. Without wishing to be 
in tho least critical, I can say from my own experience in wandering about 
diffei'ont parts of India that I often find things going wrong in ordinary road 
layout and construction, particularly such as tho providing of unnecessarily 
high banks and defects in tho laying of soling which render tho standard 
Code of Practice necessary. 

•As regards bituminous work, my personal suggestion is that, while wo 
should nob ignore progress which is being made in the iraprovemont of mat- 
erials, tho time has come to concentrate, if possible, on one or two definite 
typos of construction and to reduce tho number of specification in use. In 
that connection I am reminded of AUsop’s Pablo about the Cat and the Pox 
and suggest that one or two well-tried specifications may bo preferable to too 
great a variety. 

Pvon for a standai'd Code of Practice for all the work up to and includ- 
ing water-bound macadam, I do not know if it is possible that a small com- 
mittee, with experience necessai'ily limited to practice in one part of India 
or another, can attempt to prescribe. That is even more so when we come 
to bituminous practice where there are difTorences in results in different 
parts of India which wo cannot readily explain. I think, therefore, that our 
Technical Sub-Committeo should bo more reprosentative than it is of dififorent 
parts of tlio country and at tho business meeting tomorrow, when we consider 
the formation of committees, this aspect should bo borne in mind. 

In conclusion I repeat that wo owe a very groat debt of gratitude to the 
authors of these Papers. 




PAPER R. 


Mr. R. A. Fitzherbcrt (Chairman) ; — Tho lasfc paper ior discussion is 
Paper R — "A serious failure in the painting of a steel highway bridge". I 
would call upon Kfr. Murrell to introduce this paper. 

Tho following paper was then taken as read : — 




PAPER No. R. 


A SERIOUS EAILURB IN THE PAINTING OF A STEEL 
HIGHWAY BRIDGE. 

By 

W. L. Mohiiell, B.G.B. (Melb.), A.M, Inst. G.E., 
Superintending Engineer, Chota Nagpur Circle, Bihar, 


It is not so pleasant to proclains one’s failures as it is to broadcast one’s 
successes, and my object now in parading the skeleton that has come to my 
cupboard is to render help to brother engineers by indicating a very real 
pitfall. 

Also, if the dissemination of information througii the Indian Roads 
Congress can prevent some wastage of the tens of lakhs of rupees of public 
money that arc spent annually on the painting of steel bridges in India, then 
those on whom the continuance and development of the Congress depend, 
may form an oven higher estimate of its utility. 

For obvious reasons, I cannot mention the name of tho bridge or the 
brands of paint concerned. 

Tho bridge, which is a large one of the dock typo, had not been painted 
since 1925-26 and it was found, late in 1936, that corrosion had commenced, 
and that cleaning up and painting wero necessary. 

I approved tlio following spooification : — 

(1) Tho entire steelwork of the bridge shall b'o thoroughly scraped, 
cleaned, and painted 2 coats black bitumastic on one coat of red 
load paint. 

(2) Tho second coat of black bitumastic paint to bo applied two months 

after tlio first coat. 

(3) Proper paint brushes to bo used and each coat of paint to be 

approved in writing by tho Executive Engineer before tho next 
coat is started. * 

(4) Painting to be done in the dry weather only. 

(5) Paint to bo used shall conform with the Indian Railway Board 

Standard Specification. 

Tho priming coal of non-sotting red lead up to Indian Railway Board 
Standard Specification, was commenced early in February 1937, and finished 
by tho middle of tho following month. 

Tho second and tho finisliing coats were commenced in the middle of 
February 1937 and finished early in tho following June. 

This period represents tho end of tho cold weather and tho whole of the 
hot weather. There were about 4.5 inches of rain in each of tho months 
Februaiy and klay hut there was no rain at all in March and April. 

Tho contractors for the work wore a very experienced and reliable firm 
of stniotnral steel engineers, and the supervision by the Public. Works 
Department was oven move efficient than usual. 



There seemed no reason, therefore, why the work costing Es. 16,550/- 
should not prove a complete success. Instead, there was a bad failure. 

In December 1937, only six months after the third or finishing coat had 
been completed, it was noticed that the red of the priming coat was clearly 
visible in parts, and that some of the remaining surface had lost its jet-black 
appearance and was turning brown. 

These phenomena are now seen in many places on the bridge irrespec- 
tive of whether the painted surface was protected from rain, sun or wind. 

Close inspection shows that the priming coat of red lead is in excellent 
condition and completely homogeneous. In no, case has it been penetrated 
by the bituminous upper coatings. Also, in no case has the red lead invaded 
these upper coatings. Testing was done by scraping with a pen knife. 

The next point for consideration is that another large bridge was painted 
by the same firm of engineering contractors in 1927. This is a through 
type bridge, and the very high trusses were less easy to paint. 

The painting here also was one coat of red lead priming with two coats 
of bituminous paint as covering to the priming. 

Apparently, the specification was the same as for the former bridge, and 
the work was done at much the same time of the year. 

On this latter bridge, however, the painting done in 1927 was a complete 
success and it has been decided to repaint it only in the present season. 


Below is given a copy of the results of analysis of the respective 
covering bituminous paints : — 


> 

Test. 

Paint used on the 
through bridge where 
painting was good. 

Paint used on the 
deck bridge where 
painting failed. 

Volatile portion 
(Distillate up to loCO) 

20’2 per cent. 

37'5 per cent. 

Poi’tion soluble in petroleum 
ether after driving away 
the volatile portion 

27-6 „ 

38-5 „ 

Portion insoluble in petro- 
leum ether but soluble in 
benzene 

39'5 „ 

19'2 „ 

Insoluble Carbonaceous 

9-0 „ 

traces 

AM 

0-05 „ 

traces 

Vegetable oil ... 

absent 

absent 

Smell 

Coal tar smell 

Kerosene smell. 

* 

Coal tar base 

Petroleum base. 
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OomM.mbls Ironbte waa taken to obtain Ibo viowa of naporta, on tbia 
failure. 

■ The oonlmolora (or the I»i"«"SkeIPoa '-V ‘4°^ 
gaoaroh department t|,„ p„|,iie i^.„rks 

Honae and, noth the permiaamn oi CJorroaion Committee of 

SXr^SlfJl Ineti^^^ “"3 ‘o Attoeintion ot Paint, Oolonr 

& Varnisii Manufacturers in India. 

Tlio reason why some bituminous paints fail whilst others stand fast 
may apparently bo summed up ns follows : — 

Straiglit bitumens, dissolved in petroleum spirit without additional 
binding material, Avbon applied to surfaces exposed to much heat and light, 
readily powder on the surface. 

This powder is soon removed by rain or wind, especially wind bearing 
fine sand from the river, thus exposing fresh surfaces to the same effects. 


This process continues until the whole of the film disappears, leaving the 
undercoat. 

The same thing would not occur with a bituminous paint prepared from 
bitumen and a coaltar base as there is in such paint a largo proportion of 
non-volatile material whioli acts ns n plasticiser and keeps the finish in a 
tougher and more clastic form. 

That is tlio main point desired to be expressed in this paper, 

The trouble is that there are a number of firms of high repute iu India 
today who are making bitnininous paints without the requisite non-volntilo 
plasticiser, and the specification is accepted by oven the highest authorities 
e.xcopt, I believe, the Indian Railway Board. 


It is understood that the manufacture Ihronghoab India of this 
bituminous paint, unsuitable thus for bridge painting, is probably sovoral 
hundred tons weekly. 

It would appear that such paint is unsuitable for covering to stool work 
in India, except under water. 


There is another richer important difToronoo in the two kinds of bitumi- 
nous paint. 

With the former paint, that with the petroleum base, it is a little 
dillicult to get a good surface in awkward places wliere the paint cannot bo 
applied quickly. The reason for this seems to be that the solvent in the 
second coat tends to dissolve the bitumen deposited in the first coat. 


With the tar base paint, the non-volatile plasticiser again appears to 
come to the rescue. It, or something else in the deposited first coat appears 
to chan'»6 on drying in the air, so that, when the second coat of bituminous 
paint is^applied, the solvent in it cannot affect the bitumen in the first coat. 


Here tliere appears to be some similarity with the case of an ordinary 
oil paint. The vehicle in the second coat of oroinaiy oil paint cannot 
disturb the pigment in the first coat because the pigment is held in place by 
the dried linseed oil in the first coat. 



The dried linseed oil thus appears to act in the same ^vay as the non- 
volatile plasticiser of the tar base bitumen paint, i.e. as a reliable binder. 

The final point then arises ; — What is a suitable covering paint for the 
now world-wide accepted rad lead priming ? 

Hera I quote Dr. J.O. Hudson, Official Investigator to the Corrosion 
Committee. 

"The work of the Corrosion Committee has shown that for geneml 
purposes few, if any, paint combination give better )‘esults than red lead 
paint followed by red oxide paint and, although bituminous paints might 
also prove perfectly satisfactory, there is always a certain amount of risk 
unless their composition is carefully checked.” 

Personally, I have continued, except in the painting of steel trough 
plates, to specify bituminous second and third coats over red lead primer, 
insisting on proper analysis to prove the existence of the non-volatile 
plasticiser, the man on the spot insisting on the coaltar smell. 

The red oxide paint has the advantage that, by mixing a little red lead 
with the red oxide in the second coat, one can get a colour different from that 
of the third coat so that, with doubtful contractors or supervision,' one can 
easily know that the tliird coat has actually been done over the whole 
surface meant to be painted three coats. 

This trick of the trade is not so easily practised when the second and 
third coats are bituminous paint which, of course, is invariably black; though 
certain unscrupulous firms do sell cheap coloured paints as bitumastio or 
bituminous paints. 

The only objection I personally have against red oxide as a finishing coat 
is that it, being red, tends to camouflage corrosion of the steel rather than 
show it up, as a black finish does. 

As regards the painting of steel trough plates for bridges that are to 
carry water-bound macadam, it seems that there is no paint to equal red lead. 
As a rule, small stalactites of minerals foi’m on the lower side of the trough 
plates and on the cross beams after some years. The stalactites appear to 
he made up of chemicals leeched out-of the concrete filling over the trough 
plates. 

If the vicinity of the stalactites be examined it will be found that 
corrosion has started wherever a bituminous paint has been used, even one 
with a tar base. But where red lead has been used there is no, or very little, 
corrosion. 

The real purpose of this paper, however, is to invite the attention of 
members of the Indian Uoads Congress to the absolute necessity for having 
the non-volatile plasticiser in any bituminous paint. 



Mr. W. L. Murrell (Bihar) By way of introducing my paper I would 
like to say that, since submitting it, something more has occurred which 
might well be mentioned now. 

Naturally, it has had to be decided how the defect will be remedied. 

Obviously, the unreliable paint had to be removed, and it has been found 
that the best way of doing this is by rubbing it off with kerosene and rags, 
at a cost of from Bs. 1/4/- to Bs. 1/8/- per hundred square feet. 

Faint experts stated that, after the cleaning, there would be still enough 
of the bituminous paint to bleed through any linseed oil paint, and make it 
look unsightly in future. 

Those experts recommended that aluminium paint should be used over 
the cleaned original red lead, as it is the only paint through which the residual 
bitumen will not bleed. 

Owing to the high cost of two coats of aluminium paint, it has been 
decided not only to take off the remains of the unreliable bituminous paint, 
but' also to scrape off a good deal of the priming coat of red lead. 

When the surface is free of bitumen the whole will bo x'epainted with one 
coat of red lead and two coats of red oxide paint of slightly varying shades. 

The second matter I would like to refer to, is the recent publication, by 
the Indian and Steal Institute of the First Beport of the Protective Coatings 
Sub-Committee. 

I have suggested to the Secretary of this Congress that a copy of the 
Beport be included in the Congress Library. There certainly should be a 
copy in the libraries of all Engineering Schools and Colleges in India. Every 
Engineer with a painting problem should read this Beport. 

The Beport does not discriminate between bituminous paints with a tar 
base and those with a petroleum base ; but it shows generally that bituminous 
paints are not neax'ly so trustworthy as the lead and oxide paints. 

When we were inspecting the Alipur Test House I was fortunate in being 
shown the paint-testing yards where hundreds of sheets of mild steel with 
various paints are undergoing tests in the open. The 1934 and 1935 bitumen 
paint was all sooty and, except where there was red lead priming, the steel 
was definitely corroding. 

On the other hand the 1932 red lead painting was in excellent order, 
though it had turned to a dull plum-grey colour. 

Finally, I might mention that the engineering firm who did the painting 
that failed, have the contract for erecting another large steel bridge. On this, 
I had specified a field coat of red lead on a shop coat of same, followed 
by two coats of bitumastic paint with a coal tar base. 

This firm have had enough of bituminous paint, and they have asked to 
be allowed to do two finishing coats of red oxide at less cost. 



Tims, BO far as tho painting of highway bridges is concerned, I am now 
thoroughly convinced that there is nothing to compete with the best Indian 
made rod load and rod oxide paints. Indeed I have been informed on high 
authority that the host Indian linseed oil is the best linseed oil in the world. 

My conversion to this way of thinking has been vastly accelerated by 
finding two more large steel bridges in the Circle where bituminous paints 
are giving definitely bad service. 

Indeed, it is getting this way with me now — I am positively frightened 
to examine any more black bridges, fearing more failures ! (Laughter). 

Hr. Brijmohan lal (Punjab) : — ^The author has done well in warning 
the engineer^ against haphazardly using the so many bituminous paints 
widely advertised in the market without ascertaining their composition. 
Ho has not, however, stated exactly what non-volatile materials are required 
in the bitumastic paints which serve as binding materials. The Irrigation 
Department in the Punjab have made experiments with diiTerent Bitumastic 
Paints for painting steel work of canal under-sluices which remain mostly 
under water. They have found a localb' prepared mixture named the 
"Khanki” mixture to stand best in comparison with the many commercial 
products like Wailes Dove Bitumastic Solution, Goiu'esmastio black solution, 
Barico Grey, Anodite and Stablex paints etc. The Khmhi mixture which 
has now been largely used on the steelworks of the recent canal headworks 
of Panjnad, Khanhi and Haveli consists of coal tar, mineral pitch, slaked 
white lime . or preferably cement and kerosene oil in the following 
proportions : — 



Coal tar 

... 84 lbs. 

t 

Mineral pitch 

* ... 10 lbs. 

s. 

Cement 

... 0 Ihs. 


Kerosene oil 

... 9 lbs. 


The mixture is prepared by heating the pitch and coal-tar separate^’, 
then mixing them over a fire and stirring well, and adding cement gradually 
while stirring them, withdrawing from fire, adding kerosene oil and stirring 
well. The mixture should bo heated to 350 degrees Fahrenheit to 450 
degrees Fahrenheit ; overheating burns the mixture. The covering capacity 
of the Khanki mixture is 2500 square feet to a hundred-weight and the cost 
of two coats of paint including hot application and all costs, but excluding 
the cost of preparing the surface, works out to Es. 1/8/- per hundred 
square feet. 

Will the author kindly state from his experience whether this mixture 
contains enough quantity of binding non-volatile materials to make it suitable 
for painting steel work in bridges ? It has already proved its worth in 
preserving steelwork under water. 

S. K. Ghose (Bihar) : — Papers like the one we are discussing, which 
seek to analyse the causes of failures in tlie works of engineers, are very 
much paore helpful than the usual descriptions of apparently successful 
, engineering structures. It was the critical analyses of the successive failures 
of the famous (Quebec bridge that ultimately resulted in the solution of the 
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problems of such big structures clue to which the engineers responsible for 
the design and construction of the New Howrah Bridge decided in favour of 
a similar structure in preference to others for the city of Calcutta. 

I may be permitted to point out that the average engineer cannot be a 
good judge of paints by superficial examination only, and it is here that the 
responsible opinion of such institutions as the Alipur Teat House should be 
sought, particularly whan the expenditure involved is considerable. No 
paints, not duly certified after thorough examination by a Test House, 
should bo accepted for use in engineering .structures. It does not take long 
to test the weathering qualities of a paint in the Weatherometer as was 
seen by the members during their visit to the Alipur Test House. 

In this connection, a notable failure of the painting done on the Lower 
Zambezi Bridge, the second longest bridge in the world (12,064: feet) in 1935 
is brought to the notice of the members on account of certain features which 
also obtain in a tropical country like India. The bridge was painted with 
three coats of “Natural Ferrador" paint, but this failed completely in 9 months’ 
time. The cause of this failure was investigated by Dr. L. A. Jordan, 
Director of the Paint Besoarch Station in England, and was found to be 
due to air-bomo fungus spores and bacteria ‘of a particularly virulent 
type. The necessity for the incorporation of a fungicide in the composition 
of bridge paints is clearly indicated. 

The particulars of this failure can bo read by interested members from 
the Journal of the Institution of Civil Engineers, No. 3 of 1986-37 in 
“Handman on the Lower Zambezi Bridge’’ which has been placed on the 
table. 

Ml’. Ian. A. T. Shannon (Calcutta) : — It is not my intention to advocate 
the use of bitumen for painting steal road bridges but there are one or two 
points in Mr. Murrell’s paper on which I would like to comment. 

The figures given in the second column on page 2 give us a certain 
amount of data regarding tlio composition of the petroleum base bituminous 
paint which failed, but I view with some suspicion the figure of 37.5 per cent 
volatile portion wliich is based on distilling up to 150 degrees Centigrade. 
I believe that most bituminous paints are mado with solvents having a 
boiling point range somewhat higher than this, and therefore the figure of 
37.5 will only represent a portion of tho volatiles. 

The next two figures, i.c. the percentages of solubles and insolubles in 
“petroleum ether" could give us tho approximate bitumen content of the 
paint if all tho solubles had been driveu off. If this w’ere the case the bitumen 
content would appear to be 57.7 per cent. I am, however, inclined to 
think that all the volatiles had not been driven off at 150 degrees Centigrade 
and theroforo the bitumen content of the paint was probably well below 
this figure, say possibly 40 per cent only as .against a normal bitumen 
content of say 75 per cent. 

Assuming that this reasoning is correct it would appear that a possible 
explanation for the failure of this paint was that insufficient bitumen was 
deposited, due to the paint being applied insufficiently thickly or in an 
insufficient number of coats having regard to its low bitumen content. 
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Mr, E. Hayward (Calcutta) : I am afraid j’ovj may think mj’ views on 
the subject of painting bridges are rather biased because my firm happens to 
manufacture Red Lead. In fact you may think T am like the Brewer w'ho 
says Beer is best for everybody. However, leaving the bias aside I would like 
to tell you what my views are on painting bridges. For many yeais now, 
considerably more than half a century in fact, most of the biggest Engineering 
jobs in the world have been painted with Red Lead. Although there are 
cheaper paints there are also more expensive paints and if it comes to the 
question of economising on painting bridges it is wise to consider how an 
economy in paint will compare with the capital cost of the structure 

Take for example a bridge like the Willingdon Bridge on the Hooghly. 
This cost approximately Rs. crores and to paint it properly with Red Lead 
will require approximately 80 tons of Red Lead. Assuming for the sake of 
economy it is suggested that we give 1 coat of Red Lead with 2 coats of 
Bituminous paint. I calculate that there may bo a saving of say Rs, 10,000/- 
or approximately 25 per cent of the hill for paint, there will however be no 
saving in the application of the paint or the cleaning of the steel. The saving 
of Rs, 10,000/- on a structure valued at Rs. 150 Inklis represents an economy 
of l/15th of 1 per cent on the capital value of the bridge spread over several 
years. 

In making this economy j'ou are moreover running a great risk because 
if the paint fails, oven in part, you will have very heavy structural repairs 
to meet. 

I have studied the subject of Red Lead very carefully and my conclusion 
is that for outdoor structures it is better to give 2 or 3 coats of Red Lead 
and to be done with it for 14 or 15 years, such is my conclusion arrived at 
after extensive tests with Red Lead paint for protecting steel in this climate 
for the last twenty years. 

Mr. K. E. L. Pennell (Assam); — I quite agree with the previous speaker. 
We have a large suspension bridge of which we are very proud. 

We painted it with ANODITE nntirust and IROLITE Battleship 
grey paints which have a bitumastic base, thinking, that as these were the 
paints chosen for the new Ounnarder “ Queen JIary " they should he good 
enough for our bridge. 

This paint quickly started to deteriorate, a kind of chalky deposit 
forming which could bo brushed off with one’s hand. 

Within two years the priming coat was exposed in man 3 ' patches 
and the whole structure had to be repainted. 

As regards new steelwork Assam is now following the British Standard 
Specifications i.c. “All steelwork is given one coat of boiled linseed oil at 
the works before despatch. 

Where two surfaces will be in permanent contact after .assemblin", 
each of them is given, immediately before being assembled and after being 
thoroughly scraped, cleaned and dried, one coat of freshly mixed best red 
lead paint and the surfaces are brought together wliilo the paint is 
still wet”. 



No painting is done until the structure has’ been through one rains 
after erection when, in the following cold weather, it is given a priming 
coat of non-setting red lead and a finishing coat of aluminium paint. 

It is very necessary to specify a " non-setting ’’ rod lead paint for use 
in the field, ns ordinary rod lead paint deteriorates in the tin A'ery rapidly 
once it is opened. 

The best finishing coat paint is one with a metal base leaving a film 
of metal over the red lead primer. At present there are only two such 
paints aluminium and graphite. The aluminium paint is sold as a paste 
and mixed ns rcyiiii'ed with a medium, it must bo used within a few hours 
of mixing. On no uccoimt use ready mixed aluminium paint ns it has 
probably deteriorated in the tin before it even roaches you. 

Graphite is sold ready mixed. Both these paints have a very large 
covering capacity 1000 to 1500 square feet per gallon. 

Ked load is quite useless as a finishing paint. It is much too soft and 
can bo scratched with one's nail. It also bleaches almost white when in 
exposed positions and oxidises badly forming a chalky deposit. 

There is however nothing to touch it for a priming or under coat. 

One great advantage of aluminium as a finishing paint for bridgework 
is that you can see the bridge at night. 

Mr. W. I, Murrell (Author): — I am much obliged to Mr. Brijmohan 
Lai for the prescription bo has given. The details will be printed with the 
Proceedings, and those who care to do so may try a paint of this description. 

As regards his query whether the prescription contained the necessary 
non-Tolatilo plasticiser, I am afraid I do not know enough about these 
matters to enable mo to reply. 

Mr. Shannon raised the question as to whether the percentage of 
bitumen in the defective paint was correctly shown. In reply, I must 
state that I had no other estimate of the percentage of bitumen in the 
paint. 


In reply to Mr. Ghoso, I do not think that it is necessary to incorpo- 
rate any fungicide in the paint. The failure described can scarcely be 
attributed to any " bug 

While thanking you for the kind reception you have afforded my 
paper, I would liko to make a suggestion. 

My suggestion or request to you is a very earnest one. 

I would ask members of the Congress, when they go back to their 
jurisdictions, to look at their bituminous paint work. 

If it be found that the paint is not giving reasonable seiwiee, I would 
suggest that the Secretary of this Eoads Congress be written to accordingly. 



la that case the Congress will be able to tackle the Indian Stores 
DepaLlment who stock so many of these bituminous paints,, which are 
absolutely unsuited to 99 per cent of our work. 

We have trusted the Indian Stores Department, and are being led 
astray by them f 

Mr. R. A. Fitzherbert (Chairman) : — This is a paper on a subject that 
has not so far been discussed at the meetings of this Boads Congress, and is 
a most interesting one. 

I have had experience of only one such case and that was in the 
painting of the exterior of Army Headquarters in Simla many years ago. 

In this case the paint used was, as far as I remember, red oxide on red 
load paint. 

The failure was only in the colour, which faded badly, and this was 
ascribed to applying the second coat in unseasonable weather. 
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APPENDIX I 


REPORT 

OF THE 

TECHNICAL SUB-COMMITTEE 

TO THE 

Council of the Indian Roads Congress 

FOR THE YEAR 1986. 

{Considered by the Council vide resolution No. 1 of its proceedings dated 23rd 
Fchnm-y, 1937 and adopted with remarks reproduced at Annex B, 
page 1 7-.) 

1. The Oommifcfcea held one meeting during the year at which the 
following were present, — 

Mr. K. G. T\[itchell. C. 1. B. 

Mr. S. G. Stubbs, O. B. B. 

Major W. B. Wbishaw, M. C., E. E 
Mr. E. P. G. Gilmore, 

Mr. C. D, N. Motives, and 
Mr. Jagdish Prasad, Secretary. 

The Oommitteo considered a letter from Major Wbishaw, a copy of 
which is reproduced at Annex A, (page 16). and recommend ns follows : — 

(a) With regard to the proposal for the grading of bitumem the 
Committee doubt whether it is possible to classify bitumens 
w'ithin rigid limits for specific purposes, but they recognise that 
there is at present a good deal of uncertainty in the meaning of 
nomonckturo used in connection with bituminous materials and 
still some obstacle to the ready interchange of views owing to 
misunderstanding as to the meaning of certain words or phrases. 
The Committee eonsider that the attention of members of the 
Congress should again be drawn to the standard definitions, 
units of measurement, and so forth recommended last year and 
that it would bo desirable for the Congress to issue a pamphlet 
on bituminous work which will be something between an ABC 
of the subject and an advanced "Code of ■ Practice." The 
Committee decided to appoint a siib-committeo consisting of 
Major Whishnw and Mr. Meares with instructions to consult 
Colonel Sopwitli (Mr. Meares undertook tn consult other bitumen 
interests) to draw up a simple Code of Practice on the lines 
■ indicated. This is to bo published eventually as a Congress 
bulletin. 
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<b) Ae rcKavds the desirability of an Information JBurcau as part of 
11)0 lloads ConfjrosB Organization, the Committee considered 
that the present is not a favourable timo foi* suggesting increased 
expenditure on such things as an Information IBureau, but re- 
commonded lliat the attention of members sliould again bo 
drawn to the fact that tlio Consulting Engineer (Roads) to the 
Government of India maintains a library, to which he adds, 
from time to time, when new hoolts appear, and that as already 
slated ho is ready to answer any, questions or refer members to 
publications on any subjects in reply to enquiries. (Jb*. Mitchell 
states that up to tho present enquiries hiivo been very few 
and ho deprecated the creation of an olaboruto organisation 
in advance of any apparent demand for it). 

(c) Tlie Committee is not prepared to recommend that tho scope of 
the Ronds Congress should be extended into a Road and Con- 
structional Engineering or n Ronds and Buildings Congress. 
Tho Committoo fool that there wore other Congresses and 
Institutions covering a wide field and that tho main justification 
for the Congress was specialisation on road matters. 

2. Tho Committee then considered the construction of a test-track At 
Aliporo and tho first tests to be made thereon. It was decided 

(1) that tho track should be 16 feet wide; 

(2) that tho mono-rail tractors being designed by Mr. Gilmoro 

would bo suitable ; 

(3) tliab by liaving two tractors running one on each of tho 

rails at opposite side of tho track two sots of experi- 
mouts could be carried out at tho same time if 
necessary ; 

(4) that if it were necessary or desirable to alter the direction 

of tho test this could bo done by the intor-chongo of 
tho two tractors ; 

(5) that the first series of experiments should bo directed not 

only to ascertain certain cloiinito information about 
certain materials but also to 'correlate the results of 
tho using of tho tractors at a speed (a) of 3 miles an 
hour which approximates to the speed of a bullock- 
cart and (b) 6 miles an hour. If it is found that the 
relative results obtained at those two different speeds 
are the same, it would then be possible to save mueh 
time by running the tests at the higher speed ; 

(6) the track of tho test trailer to be approximately 4 feet 

6 inches and tho tyres 2 inches wide. Tho slewing 
arrangement proposed by ^Ir. Gilmoro which would 
give a lateral travel of about 18 inches to 2 feet was 
approved ; 

(7) the soling should bo of 1-inch broken brick tboi'ougbly 

consolidated and upon this should bo laid another 
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coat 4i-inoh, loose measureinent, of water-bound 
macadam using local stoue ; upon this should be laid 
the material to be tested ; 

(8) The Committee considered that the most important test 

to be made first was the relative performance of dififer- 
ent fine aggregates as chips in surface painting and 
that to make the test complete these should he used 
over water-bound macadam constructed of the same 
.aggregate. The hinder should not be varied but should 
ho a standard hot bitumen. It was decided that four 
sections of the track should he laid to the full 16 feet 
width as follows : — 

• (i) Pathankot stone with Pathankot shingle as a 
fine aggregate. 

(i?) Delhi stone with Dellii chips as the fine aggre- 
gate- 

(/</) Cawnpore stone with Cawnpore chips. 

(/u) Bengal granite with Bengal griinite chips 

(9) The two water-bound macadam coats to bo laid with a 

sand clay blinding or cushion laid under the loose 
metal. The metal siiould nob be blinded from above. 

41. (0 The Committeo consider that in addition to the other records, 

photographic records should he kept of tlie condition of 
the water-bound macadam before the paint-coat is applied 
and of tbo surface at various stages from the commence- 
ment of the test onw'ards. 

(ii) It was decided to use standard bituinon as a binder in order to 
enable performance of the dilTerent fine aggregates to be 
determined with somo precision. The fine aggregates to 
1)0 sieved before use to approximately a uniform size and 
the paint-coat to bo cut out at various stages, the bitumen 
extracted and a sieve analysis being made of the fine 
.aggregate remaining. It was considered desirable to relate 
tbo behaviour of the fine aggregate to the results of the 
test of the same stone in the Deval machine in order to 
ascertain whether that rauohine gives a true picture of the 
property of stone for these purposes- 

‘1. The Committee decided to hold a further meeting, if possible, in 
■Calcutta in July or August to go into the question of further equipment at 
the Alipore Test House. 

y. These minutes may be prosontod to the Council of the Congress, 
as the report of the sub-committee, for information .and such criticism as 
the Council may wish to make. 
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ANNEX A. 


Dated, the 8th January, 1937» 

From 

Major \V. B. Whishaw, m.c., r.e., 

Engineer-in-Chicf s Branch, 

Army Headquarters, India, 

Simla. 

To 

Jagdish Prasad, Esquire, 

Secretary, Indian Roads Congress, 

C/o The Department of Industries & Labour, 

Public Works Branch, 

New Delhi. 


I am afraid owing to my absence from India for a part of the year and owing 
to my pre-occupation since I have returned, I am out of touch with what the technical 
sub-committee is doing. I should be glad if you would let me know the position. In 
this connection I have three suggestions to make and I hope that there is still time for 
their consideration and incorporation in the proceedings. 

Firstly — ^last year we defined Bitumen and I now suggest that we go into the- 
grading of Bitumen. For this purpose, I suggest that the key to the situatioti lies in 
the penetration limits. The following penetration limits should be recognised : — 


25 

to 

30 

50 

to 

60 

85 

to 

100 

30 

to 

40 

60 

to 

70 

100 

to 

120 

40 

to 

50 

70 

to 

85 

120 

to 

150 




150 

to 

200 





(In this connection sec Highway Engineering by Bateman — -pace 24.91. 


1 further suggest that jn regard to 
suitable : — 

India, the following 

pencil qtions are- 

For Road Bitumen applied hot 



, Surface dressing 

. . . . 60 to 

100 

Grouting 

30 to 

50 

Premix . . 

25 to 

40 


I suggest that within each group, tlic harder ranges should be used with hardci~ 
stones and softer ranges with softer stones. 

The only use to which Road Bitumen within the group, 100 to 200 is put in 
India is in the manufacture of road emulsion. 

The t>pcs of Bitumen used in Gut-Backs in India is less definite. All that can 
be said at present is that Bitumen in Gut-Backs arc generally softer than Bitumen 
applied hot and that in no ease is Bitumen harder than 40 used in Cut-Backs. 

Secondly — as regards the Congress Library; the present arrangements of being 
able to use the Library, of the Consulting Engineer to the Government of India, Roads, 
is recognised, I believe, -as a temporary expedient only. I suggest that what the 
Congress needs is not only a Library, but an Information 'Bureau with a proper system 
of indexing information in the manner that is done by the Central Board of Irrigation 
who also issue a quarterly Bulletin indicating what new material has come to hand. As 
I do_ not presume that this work of indexing could be undertaken by the office of the 
Consulting Engineer to the Government of India, Roads, I suggest that the Central 
Board of Irrigation be approached as to the terms and conditions under which they 
would be prepared to undertake the stocking of books on road matters and indexing 
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of the information therein on behalf of the Indian Roads Congress. I understand that 
from the point of view of the Indian Roads Congress, it is probable that the cost would 
be negligible, (after the order of Rs. 1,500/- per annum), in comparison with the 
benefits. I further suggest that such a combination or amalgamation of engineering 
effort would have the further advantage of creating a step towards the eventual estab- 
lishment of a Central Scientific Library meeting the demands of all engineers in India. 


Thirdly — I am of the opinion that the material for an Annual Congress on 
Roads, pure and simple, will not in the near future produce enough new material 
Admittedly we arc taking up the question of Bridging which is limitless subject. At 
the same time Bridging is so intcr-conncctcd with Structural Engineering generally that 
it would be a pity, if eventually Bridging becomes the main justification for the Roads 
Congress, to mrclude general Structural Engineering from the Agenda. I, therefore, 
suggest tliat at least the feeling of the Congress at Lucknow should be gauged as to 
their views in respeet to rnaking this a Road, Bridge and Structural Engineering or. 
if you like a Roads and Buildings Congress. 


1 have the honour to be, 

Sir, 

Your most obedient servant, 

VV. B. WHISHAW, 
Majore, it.E. 


ANNEX B. 


The Council considered and adopted the report of the Technical Sub-Committee 
subject to the following comments and instructions : — 

(1) _ With reference to sub-paragraph (c) of paragraph 1 it was suggested that 
the Technical Sub-Coniinittcc had not opposed the extension of the activities of the 
Roads Congress for all time, but merely held that the present moment was not opportune. 
This view was accepted. 

(2) In connexion witli the Sub-Committee’s recommendations for the test to 
be carried out on the test track, which were accepted, the Sub-Committee was instruced 
to consider what research, whether on a lest track or othcnvisc, is possible in connexion - 
with the effect upon wacr-bound macadam of mechanical transport and particularly 
the feature of corrugation. 

(3) Mr. Radicc then introduced his proposal that tire commencement of stan- 
dardisation through the Bridge Committee should be followed up by the creation of a 
standing standards committee. He explained the object of his proposal, and a few 
questions were put by certain members. Mr. Mitchell suggested that what Mr. Radice 
wanted was^that the Government of India should not only be asked to continue tlie 
existing subsidy but be informed that the Congress might propose considerably increased 
‘^pendhure on Research requiring larger subsides. It was decided that the proposal 
should be discussed^ in the business session of Congress and that the Congress might 
be asked to authorise the Council to go into the question and see how it should be 
pursued, and whether the attention of the Government of India should be drawn to it 
at the time they arc asked to continue the existing financial arrangement. 
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APPENDIX Xl 

REPORT 

OF THE 

TECHNICAL SUB-COMMITTEE 

TO THE 

Council of the Indian Roads Congress 

FOR THE YEAR 1937. 

[Considered and approved by the Council vid^ Us resolution No. 10, dated 
the 31st December IOQ'/), 


The Technical Sub-Commifctee held its first meeting ct Simla on the 
25th May, 1937. The minutes of tliis meeting (reproduced at Annex C, page 
18) .were duly circulated to the Council. 

The second meetin" of the Sub-Coramittee was held at Hyderabad on 
the 31st December, 1937. The minutes (jf this meeting are attached 
(Annex D, page 34). Two of the original members. Mr. K. G. Mitchell and 
Major W. B Whishaw having proceeded on Ifeave, their place was filled by 
Messrs. L. B. Gilbert and Mr. Trevor-Tones. 

The Committee would reiterate their view already expressed in the 
minutes of their first meeting that Mr. MurreJl’s suggestion to use a primer 
(crude tar, etc ), with sand as first coat followed by a second coat of stone 
chips bound in some bituminous material sho\i]a give excellent results and 
should be given fair trial. They propose to t^st this at the test track at 
Aliporo at an early opportunity. 

The Committee have, on the suggestion of Colonel Sopwith decided 
. to carry out tests regarding the performance of chips in surface dressing 
using tar as the binder over a length of 100 feet in the middle of each 
straight length of the Test Track. 


ANNEX C. 


Minutes of the Proceedings of the Technical ^ub-Committcc of iLc Indian Reads 
Congress held at Simla on the 25th May, 1937. 

PRESENT. 

Mr. S. G. Stubbs, o.d.e. President of the Congress (in the chair). 

Mr. K. G. Mitchell, c.i.r.. 

Mr. E. F. G. Gilmore 

Major W. B. Whishaw, o.b.e., m.g., r.e, 

Mr. C. D. N. Mcares 

Mr. Jagdish Prasad [Seeietary). 
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■ • ' The committee considered the draft specifications for the Test Track .to be 
established at Aliporc and after some .discussion adopted the specification as at. 
Appendix I, page 20. The committee were of opinion that after the first test on the' 
relative performance of chips in surface painting is over, tests should be made to explore 
the possibilities of road surface composed of a primer coat of thin tar (or cut-back) and 
sand and a second coat of pre-mixed stone chips. The committee examined and 
approved the detailed drawings of the test track, tractor and trailler prepared by 
Mr. £. F. G. Gilmore and expressed their thanks to him for the trouble he had taken. 

2. The Committee considered Mr. Murrell’s letter (vide Appendix 2, 
page 23) and came to the following conclusions : — 

J^&) Regarding Mr. Murrell’s suggestion that tests be carried out at Alipore 
to -determine the reasons for corrugation of water-bound macadam in order to devise 
a specification for a non-corrugating surface, the Committee decided that they could 
not see their way to make these tests at Aliporc. In the first place the test track is 
designed for tests at slow speed and with the express object of determining the effect 
of bullock-carts upon different kinds of surfacing materials. A track to reproduce 
the conditions of corrugation svould obvioudy have to be run at speeds comparable with 
those of motor vehicles on the road and having regard to the axle weight which would 
be necessary the track would have to be circular on the lines of the new heavy test 
track at Harmondsworth and would be extremely expensive. It is doubtful moreover 
whether such a track would give reliable results, because the effect of a vehicle moving 
on a relatively small radius is probably greatly different to that of one moving on a 
straight line and the contributory effect of the prevailing direction of the wind, if any, 
would be lost. The Committee considered that observations in respect of corrugation 
could be made on any road subject to heavy motor vehicle traffic provided a byc-pass 
road were made to take all other kinds of traffic. Arrangements could then be made 
for ordinary motor traffic, or certain classes of it, which could be counted, to run over 
the test road first in one direction, then in another, and finally in both directions. The 
members of the Committee were not prepared to express any definite opinion as to the 
probable causes of corrugation but considered that one or both of the following were 
contributory causes : — 

(i) Wheel spin throwing up loose surface blindage, and 

(ii) defective rolling of thiclt coats of metal which produce the effee* 
of the metal creeping in front of the roller and then forming a hard 
ridge over which the roller rides to commence another depression. 

The Committee decided to inform Mr. Murrell that, if he could see his way to arrange 
and supervise a test of the nature suggested, they would be prepared to make a recom- 
mendation that the necessary money should be provided by the Government of ’India. 
At the same time Mr., Murrell should be informed that the Committee appreciated the 
importance of the subject and regretted that they could not undertake to investigate it 
at Aliporc, 

(b) As regards Mr. Murrell’s suggestion regarding the use of a primer with 
sand as a first step in surface treatment to be followed b>' a second coat of stone chips 
bound with some bituminous material, the Committee thought that this form of treat- 
ment would probably give excellent results and decide to make a test of it on the test 
trsick at an early opportunity. 

3. The committee next considered the letter of Messrs. Imperial Chemical 
Industries India, Limited (vide Appendix 3, page 24), and resolved that the Pro- 
vinces may be asked to try calcium chloride for stabilizing both water-bound and earth 
roads in tracts where humidity was low provided a free supply of the chemical was 
made by the_ manufacturers. The committee did not consider it necessary to give 
calcium chloride a trial on the test track as tlic material was thought to be only of local 
interest. 


4. Regarding Mr.- Radicc’s proposal for the creation of a central authority for 
standardisation, organisation, etc. (vide Appendix 4, page 31) the committee wcic ol 
opinion that what tvas necessary at tHe present stage could be achieved with the co- 
• ojjeration of members of “ Code of Practice ” sub-committee, the technical suo-com 
mittce and the council of the Indian Roads Congress. 
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0. Regarding paragraph 1 (2) of tlic minutes of the second meeting of the 
council held at Lucknow on Tebruary 23, 1937 (vide Appendix 5, page 34) the com- 
mittee’s opinion was stated in paragraph 2 above. 

G. The committee considered Col. Smith’s suggestion regarding the feasibility 
of keeping prominently before the Congress, in the form of a paper, the question 
of widening traffic lanes and decided after some discussion that the object would be 
achieved if Major Whishaw and Mr. Mearcs who were writing a general code of 
practice for road work, could bring it, in the form of a paper,, for discussion before the 
Congress. After the Congress had expressed its views on the paper, it would be 
published separately as a Congress publication. 

7. Regarding the distance at which road signs should be fixed from the point 
of danger, the committee was of opinion that the normal distance should be a furlang, 
the minimum distance being 400 feet. They desired tliat the various automobile asso. 
ciations should be consulted in the matter. 


APPENDIX 1 TO ANNEX 0. 

ALIPORE TEST TRACK SPECIEICATION. 

(1) The track shall consist of two straight sides 160 feet long joined at each 
end by semicircles of 50 feet radius. The width of the track shall be 16 feet and^ it 
tvill be divided into four sections each containing half the length of a straight side 
and half of one of the end curves. 

(2) The mono-rail tractors with cantilever draw-bar being^ designed by 
Mr. Gilmore will each command half the track width from opposite rails. 

(3) If necessary, two sets of experiments will be carried out at the same time, 
by running one tractor on each of the rails at opposite side of the track. 

(4) It may be desirable to alter the direction of the test and Mr. Gilmore 
will consider whether this could be done by the intcr-change of the two tractors. 

(5) The first series of experiments will be directed not only to obtaining 
information about certain materials but also to correlate the results of using the 
tractors at a speed (a) of 3 miles an hour, which approximates to the speed of a 
bullock-cart and (b) 6 miles an hour. If it is found that the relative results obtained 
at these two different speeds arc the same, it would then be possible to save much 
time by running the tests at the higher speed. 

(6) The track of the test trailer to be approximately 4. feet 6 inches, the 
wheels 3 feet 6 indies in diameter and the tyres 2 inches wide. The sleiving arrange- 
ment proposed by Mr. Gilmore will give a lateral travel of about 18 inches to 2 feet. 
Probably a worn track of 8 inches for each wheel will suffice. The transverse motion 
of the slewing arm should, if possible, be quick-reverse rather than harmonic to prevent 
convex wear. The usual wear on roads is concave. 

' (7) -The soling shall be six inches thick composed of broken brick 2-inch to 

4-inch gauge thoroughly cosolidated and upon this shall be laid another coat 4^-inch, 
loose measurement, of water-bound macadam using local stone; upon this shall be laid 
the material to be tested; (vide appendix 1 A, page 22, for detailed specification for 
consolidation) . 

(8) The first test will be made to determine the relative performance of 
different fine aggregates as chips in surface painting used over a coat of water-bound 
macadam 4i-inch loose measurement, constructed of the same aggregate as the chips 
in each case. The binder shall not be varied but shall be a standard hot bitumen 
80-100 penetration sprayed at the rate of 45 pounds per 100 square feet. The four 
sections of the ‘track shall be laid to the full 16 feet width using : — 

^ (i) Fathankot stone with- Pathankot shingle as a fine aggregate. 

. (») Delhi stone with Delhi chips as the fine aggregate. 
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(Hi) Jhansi stone with Jhansi chips. 

. (in) Bengal granite with Bengal granite chips. 

(9} The two water-bound macadam coats, viz. the first coat of local stone and 
the test coat of imported stone, shall be laid with about one inch of clay blinding 
and .cushion laid under the loose metal, to be worked up into the interstices by rolling. 
The mctal^ should not be blinded from above, nor should gritty 'material be used.'- 

(10) The following records will be maintained: — 

(a) Range of temperature during laying and every day during the actual 
test, the maximum and minimum readings of wet and dry bulb ther- 
mometer being observed. 

{b) Dates of commencement and completion of each experiment. 

(c) Daily rainfall during the period of test. 

(d) Quantities and costs of the various materials used in the test track. 

(c) Description of plant used, the weight of rollers and dimensions of 
rollers, and the number of times rolling is done over the chips in 
the paint coat. 

(/) Daily record of the condition of surfaces under test and the nature of 
damage that occurs. 

(g) Photographic records of the condition of the water-bound macadam 
before the paint coat is applied and of the surface at various stages 
from the commencement of the test onwards. These photos to be 
dated by the inclusion in the photo of a black-board with the date 
in white chalk. 

(A) Records of routine tests on bitument used, e.g. penetration, melting point 
and ductility. 

(11) The fine aggregate will be i-inch gauge, i.e., passing through a square 
mesh of f inch and retained on a square mesh of | inch and shall be evenly spread 
at the rate of 5 cubic feet per hundred square feet of surface. 

When the road surface is bone dry, it will be thoroughly cleaned and bitumen 
will be applied liot at the temperature specified by the manufacturers and shall be 
evenly sprayed or poured from pouring cans as the suppliers shall specify. Gritting 
will be done uniformly immediately after pouring bitumen, and will be followed by 
rolling Avith a 4-ton roller till the chips have set. The number of times the roller Is 
passed over will be recorded. 

(12) The fine aggregates will be carefully sieved before use to the size specified. 
The paint coat will be cut out at various stages, the bitumen being extracted and a 
sieve analysis being made of the fine aggregate remaining. The behaviour of the fine 
aggregate will be compared with the results of the test of the same stone in the Deval 
machine in order to ascertain whether that machine gives a true picture of the pro- 
perty of stone for these purposes. When the surface of the water-bound macadam 
undcr'thc paint coat is exposed for about 25 per cent of the area of the worn tracks, 
the paint coat Avill be deemed to have failed. The nature of the failure, i.e., by wear 
or peeling Avill be carefully observed and recorded and the paint coat will be stripped 
and if the underlying macadam is in good order a further coat will be laid for test. 

(13) A line will be marked along the centre line of the track and be divided 
into five-foot lengths starting from he centre of one straight side. These 5' lengths 
will be permanently painted and numbered on some fixed rail or otherwise outside 
the side guide rails by lines drawn normal to the centre line. The units on < the outside 
of the end curves will thus be greater and on the inside less than S'. All records of 
the behaviour of he material will be described by the five-foot sections thus demar- 
cated. These sections will be reproduced on a large scale plan and numbered. 

(14) Local failure in the paint coat due to minor local defects tvill be 
repaired Avith identical material and the repairs carried out Avill be carefully recorded. 
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The records should show the quantities • of bitumen and chips used and the area 
patched in each section on any particular date. The position of patches should be 
marked on tlic large scale plan and the date on which the first patch is formed should 
be noted. • • . , 


^6 -loaded in the first instance to 
1000 pounds per inch width of tyre i.c., for.two-wheclcd test-tractor with two-inch tyres 
the total weight of each tractor will be 4000 pounds. ' 


• • - APPENDIX 1 A TO ANNEX C. 

. CONSOLIDATION OP SOLING. 

(a) Over-burnt hard bricks broken to ballast of 2-inch to 4-inch gauge will 
be used for soling. 

(b) The trench* to receive the soling will have vertical sides and the profile 
of the base will have a camber of 1 in 60. The trench will be lightly watered and 
rolled before laj-ing the soling. 

(c) The ballast will be carefully hand-packed to reduce the interstices to 
a minimum. The depth of the packed bmlast tvill be 6 inches and the surface profiile 
will have a camber of 1 in 60. 

(d) The surface will be rolled with 12-ton steam, road roller, at first dry, 
and then after sprinkling water, till the ballast has firmly set. Any settlement which 
occurs on rolling should be made good by additional ballast. 


CONSOLIDATION OP INTEBMEDIATE COAT. 

(а) The metal for this coat will be Bengal granite obtained from approved 
quarry and broken to 2 inch gauge, i.e., it shall pass a square mesh of inches and 
shall be retained on a square mesh of i-l inches. The metal shall be free from dust 
or extraneous matter. 

(б) The surface of the soling will be cleaned and a layer of good dry clay 
will be evenly spread to a thickness of 1 inch over which the metal will be evenly 
spread and carefully hand-packed to a depth of 4^ inches and to a camber of 1 in 
60. The camber will be checked while spreading metal by means of templates placed 
at close intervals. The metal shall then be rolled with a 12-ton road roller, com- 
mencing at the edges and working towards the centre. 

Dry rolling will be continued ' till there is no appreciable inovement in the 
metal under the roller or when walked upon. 

The metal will then be sparingly watered and the rolling continued till the 
metal becomes compact and the clay works up from underneath. Rolling will be 
stopped when no marks of the roller wheel arc noticeable on thc_ surface. 

(e) The surface, shall be kept watered for a week after consolidation in case 
the top coat i.s not to be consolidated immediately after the intermediate coat. 

CONSOLIDATION OP TOP COAT. 

The metal for the top coat will be obtained from the localities specified in the 
mam specification. 


• Tlic trench will be i6 feet wide and la inches deep to receive tlic Selins' and two coats of 'sieta!. 
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The size of the broken metal shall conform to the following grading : — 

75 per cent — li inch gauge_ (passing a square mesh of 2 inches and 
. retained on a square mesh of 1 inch). 

25 'per cent — } inch gauge (passing a square mesh of 1 inch and 
, retained on a square mesh of i inch). 

The two grades will be mixed together before laying. Laying and consolidation 
will be done in the manner indicated Tor the intcrmcdintc coat. 


Appendix 2 to Annex C. 

Copy of letter No. Sfl4r, dated the and April 1937, from the Officiating Superintending 
Engineer, Chota Nagpur Circle, Ranchi, to the Secretary, Indian Roads 
Congress. 

Subject ! — 3rd Indian Hoads Congress at Lucknow. Report of the Technical Sub- 
committee of the Indian Roads Congress for 1936. 

Reference : — ^Nil. 

I have the honour to state that, in the absence of the Chief Engineer at 
Lucknow I was called on to represent Bihar on the Congress Council, and accord- 
ingly did so. 

When proposal 8 (Test Track) of the Committee was under discussion in 
Council I urged the necessity of the following two points : — 

{a) Test wheels to represent motor transport to carry a ratio of sprung 
to unsprung load and to be driven from the hub and not merely 
dragged. 

(&} Experiments shotild be done on water-bound maeadam consolidated 
according to difTcrent spcriiications, as soon as possible. 

I went as far as requesting that my suggestion (b) be recorded, and gave as 
my reason that the Province of Bihar has not a great deal to spend on communica- 
tions. This lack of funds meant the curtailment of surface sealing, and the main- 
tenance of a high percentage of water-bound macadam surface which was verj' 
subject to corrugation. To put it briefly, Bihar is more interested in obtaining the 
best specification for a non-corrugating water-bound^ macadam road than it is in the 
behaviour of different kinds of grits used in the scaling of water-bound surfaces. 

So far as I know, my suggestion, not to say protest, on behalf of Bihar, has 
not been recorded. 

Another reason for this present communication is a conviction, formed since 
the Lucknow Congress, that the spcciiication for laying the test sections is not one 
from which the most useful results svill be obtained. 

While admitting that it is necessary, for the sake of simplicity, not to vary 
the binder I now suggest that the metliod of its application should at least approxi- 
mate to the usual method in which a binder is used in Indian scaling work, or to 
a method in which it could be economically used in scaling work in India. 

In reality in India, we invariably blind our water-bound macadam before .sv'c 
seal it. The method proposed by the Sub-Committee, i.e., the application of hot 
binder to newly rolled" but unblindcd water-bound macadam t.c., a semi-grout, is 
certainly not general practice in India. 

’^1 know of no country where it is general practice,' and the reason is doubtless 
that given in pages 387 and 393 of Bulletin No. 108 of'-thc Permanent International 
Association of Road Congress for November-December 1936, 
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If nny weight is attached to this suggestion to appioximatc the Test Track 
methods to practical Indian methods,^ it is obvious that the Sub-Committee who %vill 
'discuss^ the Test Track in Calcutta in July should consult also the Sub-Committee 
cbnsisting of Major Whishaw and Mr. Mcares who, in consultation with 
Colonel Sopwith, arc to draw up a Code of Practice for Indian .seal coat work. 

Reference to this proposed Code again causes me to write on matters which 
.affect Bihar, and this time the issue is the incorporation in the specification of the 
uses of tar, and by “ tar " I mean crude_ tar as avell as No. 1 and No. 2 Road Tar, 
the products, more or less directly, of Bihar and Bengal coal. 

The following is an outline of my experience gained in portion of Bihar, and 
it is proffered in the hope that it will be useful. 

Except for experiments done with chips and distilled tar and bitumen in 1929 
and 1930, most scaling to water-bound surfaces up to about 1931 or 1032 was done 
with heated crude tar, sometimes mixed avith pitch, and blinded with coarse sand, 
the seal being repeated annually. 

From about 1932 to 1935, crude tar gradually became replaced' by distilled 
tars viz. Road Tar' Nos. 1 and 2 and a little bitumen; but coarse and sand was still the 
blinder. This seal was done every 2 or 3 years on the less important roads, and every 
year or two on the more important roads. 

Late in 1935 and 1936, fairly large quantities of straight bitumen of penetra- 
tion about 100, and No. 2 Road Tar were laid down, and chips were used to the 
total exclusion of sand as a blinder. 

Where this tvork was done on newly consolidated water-bound macadam, it 
was very expensive owing to the necessity of cleaning the water-bound surface sufifi- 
cicntly to get a good key, which resulted in high consumption of binder 45 to 
55 pounds per 100/* square feet. Proper boilers, bass brooms and rubber squeegees were 
used. 

Owing to this high cost and a lot of incflicicnt work in spreading the binder, 
I adopted a specification avhich I had seen used in Australia and avhich consist of 
stone chips bound avith bitumen or distilled tar as a second coat, done soon after a 
primer coat of thin tar and sand, which had followed soon after reconsolidation of 
the water-bound macadam. 

The “ thin tar ” used here in the primer seal is sometimes good crude tar and 
sometimes No. 1 tar. 


. A point about the crude tar is that it “ takes ” better to the damp surface 
than does the thin distilled tar. 


In this connection it is well to remember that, at the Lucknow Congress, a 
number of speakers stressed the necessity of scaling the new water-bound surface, 
as soon as possible. Bitumen and the more viscuous distilled tars do not take so 
well to the damp surface as good crude tar, which itself contains a fair amount of 
water. 


This two-coat method is now proving more successful than the single heavy 
coat method owing partly to the greater ease in spreading the binders and partly to 
the less consumption of the more expensive binder, whether tar or bitumen. ^ 


Another reason, why I should like to bring this local experience to the notice 
of the Code Sub-Committee, is the complete substantiation which the system obtains 
from^ an important paper “The selection of binders for superficial treatment ” fust 
published in Bulletin No. 108 of the Permanent International Association of’ Road 
Congresses for November-December 1936.' ... 


Should the Code Sub-Committee be interested, I would be glad to reply to 
any queries. ^ 


■ ■ They may also be interested in a certain amount of success in our efforts to 
^eapen the cost of chips for blinding by employing a smaB portable granulator 
dnven by a Diesel road roller. 
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APPENDIX 3 TO ANNEX 0. 

Copy of letler dated Calcutta, sath Match, 1937, from the Director, Imperial Chemical 
Industries (India) Ltd. to the Consulting Engineet (Roads), P. W. D. Branch, 
Department of Industries and Labour, New Delhi. 

Subject : — Calcium Chloride — Its use in the construction of Stabilised Roads. 

We learn that very shortly a Government Test Track is to be built in Aliporc, 
for testing the relative merits of various load-making materials and of different methods 
of road construction. 

We svould like to bring to your notice a comparatively new method of 
building water-bound j oads which has already won much^ favour in countries where 
there are still large milages of this type of road, notably in the U.S.A. and Canada, 
and in Sweden and Norway. 

The secret of this new technique of ‘ stabilised ’ toad construction is Calcium 
Chloride, a highly hygroscopic substance. By absorbing moisture from the atmos- 
phere it ensures that the moisture content of the road surface is maintained at the 
right degree so that maximum consolidation is obtained. 

iVc enclose a copy of our report Tr/lSl which contains, in brief, most of 
the available information on the subject. It will be noticed that the suitability of 
stabilised toads for any patlicular locality depends on the prevailing atmospheric 
conditions. From meteorological data available, it looks as if conditions are suitable 
throughout the year in coastal districts, and that they arc unsuitable for one or two 
months dm ing the year in the Punjab and Rajputana and possibly in some parts of 
the United Provinces and Central Prorinccs. 

The report also outlines btiefiv tltc mctiiods of construction and maintenance. 
The exact proportion of gravel to clay, in the road material to be used in each locality, 
is probably a matter to be decided upon after preliminary experiments. 

Trials with Calcium Chloride arc now l>eing carried out in Mysore by a Euio- 
pean firm of constructional engineers and we have had several requests for informa- 
tion about stabilised roads from other parts of India. 

We very much hope that a trial of road surfaces stabilised tvith Calcium 
Chloride can be made on the new Test Track since we feel that this method of road 
construction may be of con-sidcrablc value in India where the great need is for hard- 
wearing roads whose construction and upkeep do not involve heavy expenditure. 

If you arc willing to lay down a short stretch of stabilised road for experi- 
mental purposes, we shall be happy to supply the necessary Calcium Chloride free 
of charge. 


IMPERIAL CHEMICAL INDUSTRIES (India) Ltd. 
Technical Report No. TR/181. 


CALCIUM CHLORIDE ; ITS USE IN STABILISED ROAD MAKING. 

I. SUMMARY. 

In countries like the U.S.A. and Canada, which possess large milages of water- 
bound roads, increasing quantities of calcimn chloride are being used, both for laying 
dust and in the new technique of stabilised road construction. 
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Ari exatiiitiitlioii of the properties of calcium chloride in relation to climate 
shows, that in Australia and New Zcnlniid, South Africa and certain parts of India 
and South America, conditions arc favourable for the use of calcium chloride both 
as dust palliative and in road stabilisation. 

The development, undei lying principles and method of construction of 
stabilised roads are discussed, and reference is made to their durability and cost. 

It is stated that calcium chloride has no deleterious effect on the hooves of 
animals, the tyres of automobiles or other niateiials likely to pass over roads treated 
with it. 

1 1. INTRODUG'J ION. 

In the last four or five years giovving attention has been directed to the use 
of calcium chloride in road maintenanre. In the U.S.A., Canada, and Sweden 
csiJccially, liighway engineers have made much use of this salt as a dust palliative and 
in building of stabilised roads. The I-itter is a new tyj)c of higluyay, which is being 
rapidly developed in llie U.S.A. and tlicic seems no reason why it should not prove 
practical in other large countries, such ns Australia, where it is diflicult, owing to cost, 
to construct first-class tar-bound macadam roads anywhere but in the neighbourhood 
of large centres of population. 

This report collects c.\isting knowledge about the use of calcium chloride on 
roads, .and indicates certain factois principally- climate, which govern the potential 
use of the product in India. 

HI. THE PROPERTIES OF CA1.CIUM CHLORIDE WITH REFERENCE TO 
THEIR APPLICATION IN HIGHWAY MAINTENANCE. 

Calcium chloride is extremely soluble in water and very hygroscopic. It is 
on these two properties that its use in road maintenance depends; for its hygroscopir. 
nature enables it to bind dust, .and to maintain the gravel-clay mi.vturc of a stabilised 
road at the optimum degree of iiioisiness for maximum consolidation. 

By far the most importance attaches to its hygroscopic properties. Two oppos- 
ing forces aye at work : — 

(1) The tendency of water vapour in the air to condense on and dissolve the 

calcium chloride. - 

(2) The tendency of the solution of calcium chloride to cvapor.atc, giving 

* up its water to the atmosphere. . 

For successful dust laying, it is necessary that (i) shall be pcaler than (a), 
or, more concisely, tliat the partial pressure of squeous vapour in the air shall be greater 
than the tension of aqueous vapour of a saturated solution of calcium chloride at the 
same temperature. 

Since evaporation is not an instant.mcous process, it follows that calcium chlo- 
ride may still be successfully used in some of the localities where (1) is less than (2) 
for very short periods of Uic day, the moisture absorbed during the hours when (1) 
is. greater than (2), sert’ing to tide over the interval during which (1) is less than (2). 

It should also be realised that the temperature of a road surface, exposed to 
the full glare of the sun, may be several degrees higher than that of the surrounding 
atn-ospherc, so that evaporation may proceed further than might be expected from 
air temperatures and humidities. On the other hand, the layer of air, immediately 
in contact with the surface, might be expected to be at about the same temperature 
as the surface, and in the absence of strong winds it is this layer which has the largest 
• influence on the rate of evaporation of the surface. 

t 

A further point to be borne in mind when considering any given locality is 
the daily variation in temperature. Meteorological data for a district consist as a 
rule of " mean temperatures ”, and “ mean humidities ”, so that when assessing the 
value of calcium chloride as a dust layer, allowance should be made for some vari- 
ation — sav 10 rcntigraclc degrees — on each side of the mean temperature. 
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Below in a table of icpcraturcs, and limiting humidities below which calcium 
chloride is useless: — 

'rcmperalurc Humidity below which 

calcium chloride is useless. 


5 


40.0 

10 


37.5 

16 


34.7 

20 


32.0 

25 


28.0 

30 


21.0 

35 


20.5 

•10 


18.6 

GO 


17.0 


IV. PUBLISHED DATA CONCERNING THE CONSUMPTION OF CALCIUM 

CHLORIDE IN ROAD MAINTENANCE. 

Although calcium chloride is no longer used for dust laying on roads in Britain, 
owing to the adaption of tar-bound or concrete roads, which are dustlcss, the position 
is different in other countries where there still are large milages of water-bound roads, 
notably in the U.S.A. and Canada, and in Sweden and Norwav. 

The adoption of stabilised roads is enuring an increase in the consumption of 
calcium chloride in these countries, an increase nfhinly due to the large amount of 
pioneer work carried out by the Dow Chemical Company and the U.S. Highway 
Research Board. Most of tlie information about stnlrilised roads, especially on the 
theoretical side, comes from the work of the Road Stabilisation Department of the 
Dow Chemical Company. 

The annual consumption of calcium chloride for road maintenance in the years 
1931-33 was in the U.S.A. between 70,000 and 100,000 tons, in Canada about 20,000 
and large quantities in Sweden and Norway. 

Mr, B. C. Tincy of the Michigan State Highway Department is quoted as 
sa>-ing : — “ Michigan’s large milage of gravel roads present a seriou.s problem in 
elimination or reduction of dust. Our programme this year (1935) includes the 
treating of appro.ximatcly 3,050 miles of gravel roads, u.sing 30,500 tons of calcium 
chloride 

To understand the reason for the large U.S.A. consumption, it must be realised 
that there arc in that country only small milages of first-class roads in relation to its 
size. Titus with an area more than thirty times that of Great Britain it possesses only , 
about three quarters of Britain’s milage of first-class lar-boimd or concrete roads. 
There arc in the U.S.A. some 2,000,000 miles of roads with no surface other than the 
soil of the district and some 500,000 miles of water-hound gravel roads. These facts, 
taken in conjunction with the vcr>' large number of automobiles, (25,000,000 or one 
to every 5 persons), make the ease of the U.S.A. a special one, and not one from which 
it is safe to deduce estimates of potential consumption of calcium chloride in countries, 
where its use is as yet undeveloped. 

Apart from the U.S.A., Canada, Sweden and Norway there arc as yet no other 
countries in which calcium chloride is used to any appreciable extent for highway 
maintenance. 

V. THE BEARING OF CLIMATE ON THE USE OF CALCIUM CHLORIDE. 

India. 

The average temperature reduced to sea level is about 76 deg. F, over the whole 
of India, except parts of the extreme north, and exceeds 80 deg. F. over all peninsuUw- 
India, except the west coast and all the more southcrnly part; of Burma. 



Tlic humidity is moderate, but less than 50 per cent in Rajputann, whereas in 
coastal districts in the cast it is so high as So per cent. 

It is not possible to make more than a rough estimate of the magnitude' of the 
areas over which calcium chloride would be effective. From information collected it 
would appear that most coastal districts arc amenable to treatment, but Rajputana, the 
Central Provinces, and the Punjab arc not suitable. Over I'oughly one-third of the 
country calcium chloride should be useful. 

Judging from meteorological data, therefore, it would seem feasible to build 
stabilised roads in parts of India. Moreover, the country is precisely of that type for 
which such roads arc an economic proposition, because it is one in which the immense' 
distances involved make it financially diflicult to construct first grade tar-bound roads 
anysvhere except around large towns. 

It is beyond the scope of this report to estimate the market for calcium chloride 
in road maintenance, e.\cept in so far as to point out that so small a length as 100 
miles of stabilised road 20 feet wide would absorb not less than 1,000 tons of calcium 
chloride, (600 of which arc required for annual maintenance) — and there art in 
Australia alone more than 50,000 miles of water-bound loads at present unstabilised. 

VI. THE USE OF CALCIUM CHLORIDE FOR STABILISED ROADS. 

(a) Investigations in the U.S.A. 

The United States with 25,000,000 automobiles, or on an .average one to every 
five persons, is in a peculiar position with regard to roads. For .nUhough the area of 
the country is more than thirtv times that of Great Britain (including N. Ireland) 
there arc only about 100,000 miles of first class tar-bound or concrete roads compared 
with .some 176,000 in Great Britain, and yet there arc only about 2,000,000 automo- 
biles in Great Britain, or roughly one for every 20 persons. 

Tims there is a great need for many more miles of roads in the U.S'A. fit for 
motor traffic, but as the cost of construction in tar-bound macadam would be prohibi- 
tive, some method had to be devised whereby a cheap durable road could be built. 
The solution to this problem has been found in the stabilised rond, and thanks to valu- 
able experimental work by the Dow Chemical Company, and the U.S.A. Highways 
Research Board, and large-scale trials by the State of ^firhigan, a satisfactors* tech- 
nique has now been worltcd out, and the stabilised road is being developed rapidly, not 
only in the U.S.A. but also in Canada and Ssveden. 

The stabilised ro.id is cheap to construct and cheap to maintain, the cost being 
on an average about 1/20 of that of a first-class tar-bound or concrete road, 

(b) Underlying Frindplcs of Road Stabilisation. > 

Sand or gravel when dry has no cohesive properties, and clay when moist, has 
no strength although sticky. On the other hand, moist sand or gravel is coherent, and 
dry clay hard and strong! If, therefore, a suitable gravel-clay mixture be chosen, it 
should be possible to use it ns a durable road material so long as its moisture content 
is maintained at the optimum level for maximum strcn.?th and coherence. 

Calcium chloride is the agent, by means of which it is possible to maintain the 
correct moisture level. The broad principle underlying the construction of a stabilised 
road is to mix gravel with the existing road material if the latter be too clavcv, or to 
mix clay with it if too gravelly, and in either ease to incorporate calcium chloride in 
the mixture. 

The mixing must not be haphazard, and very careful preliminary analysis of 
the soil of the district are necessary' to enable the highway engineers to determine how 
much gravel and clay are required to bring the gravel-clay ratio to the most suitable 
value for the district. 

As ideally stabilised wearing course may be described as one that will give 
proper support to wheel loads, svill not become slippery and rutty in wet weather, and 
will not ravel or become dusty in dry weather. Such a wearing course is composed 
of a mixture of coarse aggregate, fine aggregate, silt, clay and calcium chloride in 
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proper proportions, and in quantities that will provide all-weather stability. The ag- 
gregate should be embedded in the soil-mortar, leaving the surface smooth with a 
mosaic appearance and practically free from Heating material. 

The functions of the various components of tltc road surface are ; — 

(i) Coarse Aggregate : — Screen size to be coarser than No. 10 sieve, 
(U.S. Standard series). Stone larger than ^ inch should be ranked out of the top 
surface to facilitate blading. The ingredient contributes rigidity and high internal 
friction, and adds to the mechanical stability of the road surface. 

(ii) Coarse Sand, screen size-through No. 10 over No. 40 sieve. Serves the 
same purpose as coarse aggregate. Helps to lock the coarse aggregate to place. 

^ (iii) Fine Sand, screen size-through No. 40 — over No. 270 sieve. Fills 

voids in coarse sand. Non-expansive ingredient. 

(iv) Silt, has high capillar>' properties. Serves as a reservoir for calcium 
chloride, contributes but little to rigidity of road surface. Fills voids in fine sand. 
Expands when moistened. Has no cohesive properties or toughness. 

(v) Clay, supplies cohesion or toughness. II.is expansive properties. Fills 
voids completely making road surface impermeable. Serves as a reservoir for calcium 
chloride. 

(vi) Calcium Chloride, tends to maintain the moisture in the road surface 
at an optimum content which maintains the toughness of the road. It is driven into 
the road surface hy rains, reappears at the stirfacc by capillarity in dry weather. 
Reduces evaporation and attracts moisture from the atmosphere. 

(r) Rfethods of Construction of Stabilised Roads. 

lift tb** report to go in detail into the methods of construction. 

What follows, IS condensed from various soiircc.t of information, which are listed at 
the end of the report. 

The first step is, by analysis, to dctcrnunc the amounts of sand and gravel and 
cla>- to be added to the sub-grade soil, or to the existing road surface. 

Work is commenced on half-mile sections at a lime and after scarifying the 
surface, all loo.se matcnal is windrowed so that it forms a pile 8 to 12 feet wide down 
the centre of the roadway. The new material required, (except the clay), is then 
spread on top of the pile so as to bring the total quantity up to about 1,000 cubic yards 
per mile. 1 his quantity when stabilised svill produce a wearing course 3 indies deep 
and 20 feet svide. The stabilised layers should never be less than 3 inches in depth. 

The calculated amount of clay is then spread uniformly over the surface of 
the loose material, and as it dries it is pulverised by manipulation and rolling. When 
the pulverising operation. has been completed the materials arc mixed in the usual way 
by blading and harrowing. 

Flake calcium chloride is then applied uniformly at the rate of i pound per 
square yard per inch of thickness with a maximum of 2 pounds per square yard. 

The mass is thoroughly mixed by blading, and after mixing is windrowed again 
on to each shoulder of the road. The central portion of the road is now unifomly 
moistened with water and some of the material from the shoulders bladcd on to it. 
This is in turn moistened and covered, and so on, until all the material on the shoulders 
has been distributed and a crown of not less than i inch per foot established. 

_ Traffic is allowed oyer the bladcd material all this time {i.c., after the calcium 
chloride has been mixed in) and when all the material has been placed, the surface 
is smoothed and traffic allowed to continue the consolidation process far from 24 to 48 
hours, after wlych it should be complete. 
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Some authorities delay the addi don of calcium chloride until the road surface 
is completely established. The • flakes arc then spread over the surface and left to 
absord moisture and soak into the niad metal. In general, however, it has been 
found more satisfactory to incorporate the calcium' chloride in the mix, as described 
above, rather than to depend on percol ttion>to carry the salt into the wearing course. 

(<!) Quantites of Calcium Chloride Required. 

As described above, the quantity of calcium chloride to be used is of the order 
of i lb. per square yard per inch of thickness with a maximum of 2 pounds per square 
yard. This amounts to about 10 tons per mile of road 20 feet wide. If the road is 
constructed in late summer or autumn Ihis quantity may advantageously be reduced to 
about 8 or 6 tons per mile. 

(d) Quantities of Calicum Chloride Required. 

■Whenever the roadway loses its crown and smoothness, it should be re-shaped 
by blading from the edges inwards, in a manner that tvill gather the loose material 
from the shoulders, cut off the high places and fill in the low. 

Flake calcium chloride should be added 'as required to maintain the corrett 
moisture level. Under normal climatic conditions and normal country-road traffic the 
quantity required varies from one to two pounds per square yard per annum, i.e., from 
S to lo tons per mile of so feet width. 

As a rule, blading is necessary only a few times each year, 

(f) Durability of Stabilised Roads. 

The stabliscd surfaces do not disintegrate during heavy rainj and whilst the 
first rains cause the formation of a thin, muddy surface layer, ageing causes Ais con- 
dition to decrease. The general opinion is that this disadvantage is negligible in 
comparison with the benefits conferred by stabilisation. 

« . 

(g) Cost of Construction. 

In Oakland County, Michigan, some 70 miles have been stabilised and the 
average cost per mile of 20-fcct width has been as follows {data from “Roads and 
Streets”, 1935, 78, 209) 

Cost of gravel . . . . £ 180 ' 

Cost of other materials, labour and equipment ., £ 152 


Total £ 353 


This is a high cost, owing to the large usage of gravel and the fact that long 
haulages were necessary to bring it to Ihe site of operations. 

On the other hand, another length of stabilised road constructed in Michigan 
was far cheaper, the costs'per mile of 20 feet width being as follow : — 

Cost of materials (including caUium chloride 

at £4.6 per short ton).,. .. .. .. . £ 13 

Cost of labour, etc. . . . . . . . . . . . £ 6.} 

Total £ 77 


The main reason for the lower cost was that the gravel was on the site, and 
the clay cost about 3d. per cubic yard, at against 7/6d. in Oakland Company. 
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For the purposes of comparison, it is of interest to note that the cost oi 
construction of concrete, or tar macadam roads is of the order of £5,000 per mile (of 
£0 feet width >on existing foundations, and the figure can rise as high as £10,000 per 
mile) if it is necessary first to prepare foundation. (Roads and Road Construction 
Handbook, “The Concrete Journal*’). 

(A). Cost of Maintenance. 

For the Oakland Co. road it was ncccssaiy to blade the surface 8 times a 
vear and to apply 8 tons of calcium chloride per mile in all. The average cost for 
is* miles of ro-ad,, worked out at £64 per mile per annum. 

VII. EFFECTS OF CALCIUM CHLORIDE ON ROAD USERS. 

There is no evidence to .show that calcium cliloridc as used on roads is harm- 
ful to the hooves of animals, nor does it damage leather and motor tyres, tennis 
balls and rackets, nor corrode metal werk. It is advisable for those handling tlic 
solution or solid to wear rubber gloves as prolonged contact with solutions containing 
calcium ions, gives rise to characteristic skin lesions. 

VIII. BIBLIOGRAPHY. 
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APPENDIX i TO ANNEX .0. 


Speech by Mr. fV. A. Radice nt the Ilusinrss meeting of the Indian Roads 
Congress held at Luchnow in February 1937. 


In 1928 the Indian Road Development Committee, in recommending the for- 
mation of a Road Conference, suggested dial some of the subjects, it might discuss 
might include : — . 

1. The classification of roads for the allocation of grants from Central 
Revenue. 


2. Tlic co-ordination of road programmes. 

3. The co-ordination of road development with other system of transport. 

4. Technical questions relating to the conshiiction and maintenance of roads 

and bridges and toad research. 

5. The taxation of road transport. 

6. Motor regulations. * 

7. Statistics and intelligence. 


No doubts can be entertained regarding the vital importance of items 4 and 7 
o a country Reding a large scale road development programme but having insufll. 
went funds. Yet all attempts made by the Road Conference to implement these 
proposals have so far proved sterile. In addressing you, it is my pumosc To attS 
be cffecUvc^^*^ *^'**'^* failure and put before you proposals which T believe would 


No matter how great are the bcncRts of decentralisation in administrative 
and exwutiw matters, there wn be no decentralisation of scientfic knowledge and 
sound technical standards. The collection, sifting and codifying of road technics 
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and practice must, of necessity, be a centralised activity.' It is also unnecessary for 
me to try and convince you of the important economic results both in time and. 
money resulting from the ready availability to all road engineers of up-to-date 
general specifications and reliable information on technical results and practice all 
over the world. 

Perhaps -a review of the methods successfully adopted by another department 
in tackling a similar problem' may help to explain the thesis 1 am trying to develop. 

Before the management of the East Indian, the G. I. P. and the Burma 
Railways was taken over by the State, the administration of most of the Railways in 
India was vested in the Boards of Directors of the various Railway Companies and 
over these government had not direct control. As now for roads, there existed for 
railways, in the period after the Great War a strong body^of opinion that important 
savings could be gained by means of technical centralisation and the setting up of. 
standards. Things were brought to a head when _ the growth of traffic and the 
demands of economic working produced ever increasing axle loads and the country 
was faced with a vast programme of bridge and permanent way renewals involving 
the expenditure of well over a hundred crores. 

Just as in our own case, every administrative unit had its own technical ad- 
visers and executive and these often held irrccoicilablc views. Fortunately, for the 
country at large there was one existing and over riding power] the Government of 
India had assumed responsibility for the safety of the travelling public and in discharge 
of its responsibilities, it had powers to impose certain 'minima standards on all rail- 
ways. These powers had been exercised by means of a set of rules governing the 
opening of new lines and the taking into use of new structures. 

Unless these rules were strictly observed. Government could refuse to pass as 
safe for traffic any structure or line. 

Apart from the restricted scope of their application, these were only rules, 
not specifications or established standards. Something more was needed. A begin- 
ning was made by summoning the Railway Bridge Engineers of India to annual meetings 
to discuss and advice government on changes to the rules, urgent technical 
problems and subjects for research wOrk. The recommendations of this Committee 
of Bridge Engineers were circulated to the various railway administrations and their 
technical advisers and the answers tabulated, collected and circulated. , Much good 
work was done and the country gained considerably from the independence of thought- 
displayed by the members of the Bridge Committee, but any partial success which 
was scored was chiefly due to the absence of any compulsion on the various adminis- 
trations to adopt the recommendations. By these means pertinacious opposition was 
avoided both in the Committee itself and outside of it with the result that valuable 
Codes of Practice came into existence available to all who cared to read. 

Later, when most of the Indian Railways came under State management, the 
Committee of Bridge Engineers was replaced by a Standards Committee 
consisting of Engineers from all railways whether State managed or not. 
This Committee could be summoned at intpvals to examine and make recommen- 
dations on every technical problem requiring solution. A permanent Controller of 
Standards with adequate assistance and money grants was appointed to implement 
such of the Committee reconomendations as were acceptable to Government, to draw 
up specifications, to set up standards for all types of equipment and to conduct 
researches ’ into questions where the available knowledge was insufficient. The out- 
put of this organization • is now binding on all State managed Railways Administrations. 
This arrangement has been working for 6 and T years and the results have not only 
saved the country literally crores of rupees but have also provided a focus for Ae 
best technical brains in the service. 

i 

In the case of roads, the country is faced with a similar problem. The Road 
Conference has been set up and financed by the Petrol Tax and a .considerable pro- 
gramme of road development is in course of preparation and execution. The ex- 
tract from the Report .of the Indian Road Development Committee quoted by me 
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as preface to these remarks and its acceptance by Government gives us sufficient 
assurance of official recognition of the importance and value of research and 
standardiration. 

This Congress, effectively representing the opinion of this country's Road 
Engineers, undoubtedly is of the same mind. Without funds or staff it has already 
laid down a series of definitions, a tentative standard or so, a standard specification 
for the design of road bridges of concrete and steel and will shortly consider way and 
means of undertaking a research into the impact cfiTccU of road traffic on bridges 
and road surfaces. Had it means and personnel, it would have gone even further. 
There can be no doubt, therefore, that the crying need for and the advantages of 
research and standardisation is recognised by all road interests and governments. 

What wc arc asking ourselves, therefore, ih why this urge has produced so far 
so little. 

Let us examine what has been tried. The Government of India created the 
post of Consulting Engineer for Roads to government. Committees of Chief 
Engineers of provinces have been summoned, but as might have been expected, 
immediately a consensus of opinion by the highest rc.sponsible officials was sought, 
considerations of the special conditions existing in each province and their respon- 
sibilities to_ their separate Provincial governments and their obligation to protect their 
particular interests predominated and unanimity became impossible, except in a few 
minor instances. It is with these discouraging results before him that. I think, the 
idea of creating the Indian Roads Congress germinated in Mr. Mitchell’s mind. I 
may be wrong and I am open to correction but svhethcr wrong or right the fact 
remains that by the creation of the Indian Roads Congress a weapon has been forged 
which in my opinion, will cut a way through the obstacles impeding progress. I 
will give you the reasons which have led me to this conclusion. 

When they meet, the members of this Congress come together as Road 
Engineers, not as representatives of a province, a state or a firm. Their opinions 
on technical matters are binding on no one; thev need not be primarily influenced 
by the guardianship of the interests of their particular employers but can serve the 
inexorable logic of known scientific facts and sound engineering experience and 
judgment. Thev arc in the unique position of being, for the time, responsible to 
no one except to their own individual professional consciences because their expres- 
sed opinions within the Congress can only give birth to a corporate opinion binding 
nobody to anything. At the same time, owing to the very nature of the member- 
ship of the Congress, its corporate opinion has great weight and influence through- 
out the land. Here then is the body that can carry out research and standardization 
and produce authoritative results. 

Should my views carry conviction, the next consideration I would put before 
you is the important matter of ways and means. Research and Standardization 
require money and permanent staff and these the Indian Roads Congress has not got. 
The Congress can* as government did in the case of Railways, appoint select Com- 
mittees from its members to discharge for roads the functions that the Railway 
Standards _ Committee has discharged and is discharging for’ the railways, but in 
order to 'mplcm''nt their decisions thev need funds and a permanent Road Stan- 
dards’ Office staffed by a suitable Director and assistants. To the Road Standards’ 
Office coiild^ be made available all technical information available to the Central 
and Provincial governments and the temporary services of experts in other depart- 
ments in^ an advisory capacity. In virsv of the general state of public and official 
opinion, it would not seem an insuperable task to induce the Government of India to 
accept the thesis that the value of the labours of such an organization would 
be sufficiently important and effective to warrant charging its cost to the Road Fund. 

My proposal, therefore, is this; — ^That the Indian Roads Congress should apply 
to the Government of India for official recognition that thev arc the best available 
means of implementing items 4 and 7^ of the Indian Road Development Committee’s 
Report of 1928 and that it should invite the Congress' to table proposals and an esti- 
mate of cost of a programme of work extending over a series of years to be carried 
out under the control of the Consulting Engineer to the Government of India 
(Roads). 



APPENDIX 5 TO ANNEX 0. 


Extracts from minutes of proceedings of the Second Meeting of the Council 
of the Indian Roads Congress held at the Municipal Hall, Lucknow, at lo a.m. on 
7'ursday, February sg, iggy. 

The Council considered and adopted the report of the Technical Sub-Com- 
mittee (Appendix I) subject to the following comments and instructions: — 

♦ «■*** 

« 

In connexion with the Sub-Committee’s reconinicndations for the tests to be 
carried out on the test track, which were accepted, the Sub-Committee was instructed 
to consider what research, whether on a test track or otherwise, is possible in con- 
nexion tvith the effect upon water-bound macadam of mcchnical transport and 
particularly the feature of corrugation. 


ANNEX T>. 

Minutes of proceedings of Technical Sub-Gommittec of the Indian Roads Congress held 
at Hyderabad (Deccan), on gJst December, tgg/. 

Pkesent. 

Mr. S. G. Stubbs, O.B-E., President of the Congress in the chair. 

Mr. L. B. Gilbert. 

Mr. R. Trevor-Joncs. 

Mr. 0. D. N. Mear'es. 

(Colonel G. E. Sopwith was imdtcd during the discussion of items (1) and 
I (3) of the agenda). 

Mr. Jagdish Prasad, Secretary. 

(1) The Committee considered Colonel Sopwith's criticism on the proposed 
code of practice for bituminous work and after some discussion came to the conclu- 
sion that the matter may be discussed again tomorrow. 

(2) The Sub-Committee considered the suggestion of the Railway Board re- 
garding all-India standard of widtli of combined road and rail bridges and decided 
to inform the Railway Board that the Committee feel that the minimum width of 
roadway between curbs should be 20 feet as laid down in the Indian Roads Congress 
bridge specification but before expressing their final opinion on the matter they 
would request the Railway Board to intimate the additional cost involved in increas- 
ing the clear road-width to 20 feet instead of 18 feet and 14 feet respeedvely where 
road is carried above or below the railway. Where road has to be carried outside 
the main girders at the same level as the railway, the clear roadway should not be 
less than 10 feet and facility should be prorided for passing bays at intervals not 
greater than 300 feet. 

(3) Regarding Colonel Sopwith’s suggestion that tests on Alipore test tract 
regarding the performance of chips in surface dressing should be carried out using 
tar, the Sub-Committee decided to carry out these tests over a length of 100 feet in 
the middle of each straight length of the track, using 45 pounds of tar per 100 
square feet and the quantity of chips as specified for bituminous work. 

(4) ^The Committee considered the opinions of various Automobile Associ- 
•^tion regarding the distance at which road signs should be placed from the point 
of danger and decided that the normal distance should be a furlong and the mini- 
mum distance should be 400 feet, as originally suggested. 
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(5) Kcgavding tlic Indian Roads and Transport Development Association’s sug- 
gestion to classify "the roads according to the weight they can carry, the Committee 
decided that in view of Mr. K. G. Mitchell’s paper which was to come for discussion 
at the next Congress meeting, the consideration of this question might be left till 
after that paper had been discussed. 

(6) The Conunittcc considered it de.sirable to lay down standards for veitical 
curves, sight distances, gradients, etc., lluough the uiediuin of the code of practice 
on road work. The Committee consideicd the following standards suitable : — 

(<i) Ruling gradients — 

for Plain.s roads 1 in .‘10 
for Hill roads 1 in 20 

Maximum gradient 1 in IS, in strcichci; not exceeding 300 feet. The 
gtadieni at curves should not exceed 1 in 30 and it should be flat at hairpin bends. 

{b) In the case of vertical curves the maximum gradient should be 1/30 
used over a horizontal distance not cxccding 200 feet, and the raio of change of 
gradient should not exceed 1/100 per hundred feet measured horizontally, and the 
suiiiniit of the curve should be made Iiori/ontal for a distance of 100 feet. A sight 
distance of about 5S0 feet will be tlius automatically provided. 

(c) Radii of curve. 

Minimum radius of curves in pl.-iins roads 1000 feet. 

Minimum radius of curves hill roads . . 50 feel. 

The question of widening and super-elevation to be considered later and in- 
corporated in the Code of Practice for road work. 
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APPENDIX m 


REPORT 

OF THE 

TECHNICAL SUB-COMMITTEE 

TO THE 

Council of the Indian Roads Congress 

FOR THE YEAR 1938. 

(Considered and approved by the Council vide their resolution 
No. 6. dated 17-2.89) 

“We met on the 12th February, 1939 to consider the following agenda : — 

(l) Mr. Meares suggestion regarding experiments on base stabiliza- 
tion. (.Meiiioruoiiuni attached — Annex E> page 3S) 

(•i) Olassiflcicion of roads ( Memorandum attached — Annex P, 
page 38} 

(3) Further experiments to be carried out on the Test-track (.Vlemo- 
randum attiiclied — Annex G, page 45). 

(i) Btanda.rdisiition of milestones and height and gradient posts 
(.Meiuornuduiii attached — Annex H , page 48) 

(o) Question of printing tlio data i-egurding important road bridges 
in India which has been collected from the Provinces and 
certain states. (.Memorandum attached — Annex I, page 49) 

(6) Certain papers on road constructi^ll by heat treatment using 
a special machine invented by Mr. Irvine (Annex J, page 49) 
for information. 

1. We report : — 

(1) Where sub-grade conditions are such that maximum consolidation 
at optimum moisture content has been achieved, the inner road 
crusts will pro'tiahly serve to carry the traffic. But local hammer 
action of occasional severer loads may pulverize tiie surface of 
the sub-grade, and in course of time lead to separation by the 
formation of a layer of dust ; and break down. In such cases 
“ sub-oiling ” may prevent pulverization. Mr. Stubbs has 
agreed to try this \Yhere the metalled surface is being widened 
over berms that have been very well consolidated and we recom- 
mend that it be tried experimentally in small lengths in places 
where the cost of sohng makes it worth while to adopt special 
measures for Buh-grnde consolidiitioo or the sub-ginde is excep- 
tionaily good and soling is omitted. 

(2) We consider that the process of grouting from below with "oiled 

hoggin" (1 aiticuhvis may be had from the Secretaiy’ of th 
Congress on application) might be tried in small lengtbSi in 
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conditions whore surface painted water-bound breaks down 
through failure of the main crust. 

2. We recoininond that if a uniform classificiition of roads is necessary 
the following would be suitable 

(i) According to source of funds (or up-keep — 

Government 

Local 

(ii) According to imi)ortanc 0 — 

I — Trunk roads or those connecting important towns.’ 

JI — Main roads of lesser im|)ortance than Class I. 

III — Other roads fit for vehicular trafiSc. 

IV — llniids not fit for vehicular trallic. 

V— Bridle tracks. 

(Hi) According to the degree of interrnption to traffic due to inadequate 
provision for cross- drainage-- 

A — Bridged and drained throughout. 

B — Siihjoct to slight interriijition during the rains. 

C — Subject to serious interruption or stoppage during 
the rains. 

(fu) According to whether tho surface is metalled or not 
jl/— "Metalled. 

17— TJnmetnllod. 

Examples. 

Government I A (M) 

Local IJ B(M) 

Local III 0 lU) 

Government IV A (U) 

8. We have rocommendod a future programme of tests to be - carried 
out on tho test- track. Wo liave procaodod on the assumption that the first 
need is to investigate inexpensive surface treatments of macadam for rural 
road conditions. Reports will bo issued as results are obtained. 

4. Wo do not consider that any general standardisation of milestone 
is necessary or ]inssibIo. We propose that the Secretary should circulate 
drawings of one or two suitable types for adoption if desirable, on new roads 
and for replacements when necessary. Wo do not consider that it is 
necessary to show elevation above sea-level generally. On ghat or hill 
roads this can ho shown on inilnstonos in tho most convenient wa^' on any 
particular typo (e. (/. “ B L. 6120 ” in red). We do not consider tliat it is 
necRSsarv to indicate gradients except where they exceed 1 in 10 and in such 
cases this can bo done on a definition plate under the steep hill *’ sign. 

5. Wo do not advice that any expenditure should bo incurred on 
printing nnd circulating the cost and other particulars of bridges recently 
collected until a few- have been reproduced in " Indian Bonds ” and 
members can judge of the value that a book of particulars of say 100 
bridges is likely to be. 
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G. Tho other members of the Committee wish to congratulate 
Mr. Gilmore and Messrs. Son Gupta and Chowdhry on the excellence of the 
design of tho test-track equipment which is largely original and the lay-out 
generally, and wo consider that the thanks of the Congress are due to them 
for tho immense amount of trouble they have taken. In this class of work 
adjustments and improvements arc always necessary in the early stages 
but in this case, that seems to be more necessary in the preparation of 
samples for testing than in the testing equipment itself. 

7. A copy of the minutes of our meeting held on the 12th February, 
1939 as approved at a meeting hold on the 13th February, 1939 are* 
appended for more detailed reference (.Annex K, page 50). 


ANNEX E 

To thf Technical Sub-Committee s Report. 

In his letter of the 28tli^ January, 1938, a copy of which was supplied to 
Members of the Sub-Committee v/ith my letter No. IRC 11 dated the 28th February, 
1938, Mr. Mcarcs suggested .that the Government of India might assist in carrying 
out an experiment using a layer of oil-bound filler undemeatii the coat of stone 
metal when carrying out w.-itcr-bound consolidation with a view to subsequent sur- 
face treatment. Ilis idea was that the use of oil-stabilizcd-fincs in this manner would 
result in a strong impervious crust at an extra cost of only Rs. 3/- to Rs. 4/- per 
hundred square feet. 

. The Consulting Engineer to the Government of India (Roads) expressed .his 
inability to arrange for a special grant for this experiment and, as desired by him, 
the advice of the Technical Sub-Conuuittcc was sought. Mr. Stubbs, however, 
agreed to carry out some experiments in tlic Punjab. He has since informed that 
the cost of sub-oihng is higher than the cost of 1-inch tar carpet and has disconti- 
nued further experiments. 

The suggestion of Mr. Meares is now placed before the Sub-Committee for 
arriving at a final decision. 


ANNEX F 

To the Technical Sub-Committee’s Report. 

At- its meeting held at Simla on the 29th August 1938, the Technical Sub- 
committee considered the question of uniform classification of roads and keeping in 
view the necessity of classification which could be easily understood and could be 
conveniently referred to in all official correspondence and in schemes submitted to the 
btanding Committee for Roads, decided to classify roads as follows:— 

(i) According to source of funds for up-kcep. 

Provincial 

Local 

Military’ 

' (ii) Accordingly to importance. 

I Trunk roads or those connecting important towns. 

II— Main roads of lesser importance than Class I. 

Ill Other roads fit for vehicular traffic. 

IV — Roads not fit for vehicular traffic. 



(iii) Accordini' to the degree of interruption to traffic due to inadequate 
provision for cross drainage. 

A— Bridged and drained (Itioiighout. 

B — Subject to slight interruption during the rains, 

G — Subject to serious interruption or stoppage during the 
rains. 

(iv) According to whether the surface is metalled or not. 

M — Metalled. 

U — Unmetalled. 

Examples 

Provincial I A (M) 

Local II B (M) 

Local III G (U) 

Provincial IV A (U) 

When minutes of the Committee’s meeting were circulated to Members for 
confirmation, Mr. Mearcs suggested for reasons given in his letter dated the 5th 
October 1938 (Appendix A, below) tliat the following classes might be substituted for 
classes III and IV : — 


III — Other roads fit for motor traffic. 

IV — Roads not fit for motor traffic. 

Messrs. Stubbs, Trevor Jones and Arifuddin accepted th(> amendments pro- 
posed by Mr. Mearcs. Mr. Trevor Jones, however, suggested that a category for 
pad: transport is essential and should be 

“V — Hill Roads suitable for pack transport ”. 

Mr, Mitchell’s views (Appendix B, page 40) arc now placed before the Sub- 
Committee for consideration. 

The Chief Engineer of the North-West Frontier Province, has again stretched 
the necessity of following Major Lang- Anderson’s classification (Appendix C, page 40 
which h?® since been accepted by the Military Engineering Services. The Sub- 
committee may wish to reconsider this. 


APPENDIX A TO ANNEX F 

Copy of letter dated the 5th October 1938, from C.D.N. Meares, Esqr., C/o 
Standard Vacuum' Oil Company, 8, Church Lane, Calcutta to the Secretary, Indian 
Roads Congress. 


Subject : — Minutes of the meeting of the Technical Sub-Committee of the Indian 
Roads Congress held at Simla on tlic 29th August 1938. 


I have the honour to acknowledge the receipt of your IRC 11 dated the 23rd 
September 1938 forwarding the minutes of the eighth meeting of the Technical Sub- 
committee held at Simla on the 29th August 1938. 

2. I have pleasure in confirming these minutes, subject to the comments 
hereunder ; 
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3. Under the classification of Roads, Glassifications III and IV both contain 
the word “Vehicular”. I would point out that this term may lead to confusion, 
as some authorities may classify roads as fit for vehicular traffic when in point of 
fact the vehicles they have in mind are bullock-carts. Many such roads passable 
to bullock-cart traffic arc quite unsuitable for motor traffic, and as the object of the 
classification is principally with a view to uniformity of nomenclature for motoring 
purposes, I would "suggest that these two classifications be altered to read ; 

III — Other roads fit for motor traffic. 

IV — ^Roads not fit for motor traffic. 

4. If this amendment is adopted, it leaves no classification for hill roads etc., 
suitable only for packed transport but I do not believe that any fecial mention 
should be made of these. 


APPENDIX I? TO ANNEX T? 

I incline to agree with Mr. Mcarcs but with the exception that 1 take Class IV 
to be pack-traffic roads and as such unfit for any vehicular traffic. 

The difficulty could be met by sub-dividing Class III into roads fit for motor 
traffic and those fit for cart traffic only.* It is extraordinarily difficult, however, to 
draw the distinction and if a road is unmctallcd and just alluvial soil it may be 
quite good for motor traffic at certain seasons but nearly, if not quite, impassible at 
others. If it is in moorum or some such material not quite “metalling” it'may be 
reasonably passible at all times. The solution is to add to “ (iv) according to 
surface ” 


M — ^Metalled. 

U.A.— Unmctallcd but normally haying a surface suitable for motor 
traffic except after heavy rains. 

U.B. — Umnetalled. 


K. G. MITCHELL, 
25-11-38. 


APPENDIX 0 TO ANNEX E. 

Copy of letter No, 10664 P,W,/ayo/lN., dated Peshawar, the agth October, 
^938, from A. Oram, Esqr., Secretary to the Government of the North-West 
Frontier Province, Public Works Department, to ' the Secretary, Indian Roads 
Congress, C/o. Department of Communications, New Delhi. 

Subject : — ^Minutes of the mceUng of the Technical Sub-Committee of the Indian 
Roads. Congress held at Simla on the 29th August, 1938. 

Reference : — Your No. IRC 11, dated the 23rd September 1938. 

With_ reference to para (2) of the Minutes of the proceedings of the 
eighth meeting of the Technical Sub-Committee, I forward herewith copies of; 

1. This Offire No. 2766 P.W., dated the 1st May, 1934, with Note. 

2. Chief Engineer Northern Command No. CRNG/3406/E 2. dated the 18th Mav. 

1938. 

3. Chief Engineer Northern Command letter No. CRNC/3406/E 2, dated the 28th 

May 1935. 
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from which it will be seen that detailed proposals for the classification of roads have 
been made. These proposals have been accepted by the Engineer-in-Chief, Anny 
Headquarters (India) for incorporation in the relevant M.E.S. Hand-Book. 

It is suggested and strongly recommended that the method of standardisation 
should be settled in conjunction with the M.E.S. and on the lines suggested by 
Captain (now Major) Lang-Anderson, R.E.. 

«’»****»««» 

Copy of a letter No. sys6/P.W.t dated 1-5-34, from the Secretary to Government, 
North-West Frontier Province, Public Works Department , to the Chief Engineer, 
Northern Command. 

Subject : — ^Road Classification. - 

With reference to your No. 12408/69/E . 2, dated the 17th March 1934, 1 
have the honour to forward herewith a Note on Road Classification by Captain W. C. 
Lang-Anderson, R.E.. I am to say that I concur in the proposed method of classifi- 
cation which I consider is simpler and better than that forwarded under your above 
quoted letter which I do not consider is suitable for civil requirements. 


Note dated the ajth April 1534, by Captain W. C. Lang-Anderson, R.E., on 
'proposals for road classification. 


1. Object. 

Three bodies arc concerned in roads. Firstlv, the administrative authorities 
who decide the necessity of a road, its general alignment, and its general specifi- 
cation. The latter should consist purely of a statement of the nature of traffic to 
be carried and an estimate of the quantitv of traffic. The administrative authority 
is not concerned with any other details except the provision of funds. 

Secondly, the Engineer^ who works out a detailed design for the road, in 
accordance with the instructions of the administrative authority, and basing his 
design on past experience. 

Lastly, the road user whether he be a staff officer working out a convoy timing 
or a private person planning a pleasure tour. 

In deciding on a system of classifying roads, therefore, it is necessary to con- 
sider who requires the classification and in what was' any method of classification 
can assist him. The object, in fact, is to convey information. 

2. Information Required. 

The administrative authority, except in its function as a road user, requires no 
information. It lays down the result it requires and leaves the Engineer to produce 
that result. The Engineer requires very detailed and diverse information. This 
information cannot be a mere number unless a very elaborate list of different type-s 
of roads is compiled. 

The road user requires information on the following points only ; 

(a) The nature of the surface and its capacity of standing up to the traffic 
under various climate conditions. 

(&) The width available for traffic. 

(c) Any restrictions to traffic due to lack of bridges, steep gradients, or 
defiles. 

8. Types of Roads. ‘ 

There arc, broadly peaking, four general types of roads. 

{a) The metalled road giving a hard running surface carried on a solid found- 
tion. It is capable of carrying heavy vehicles in all weathers. Whether 



. the ?«jf,ncc hn'. hmi ucstrd nr nni j*. iturtaieriM a >;ood \s*3ler*hound 
n>.i( .’uh'tii) jOt'.d is li* ttcr than worn-out tjratet! toad, and the cxSnins 
•tntr of jt'pair of road raiinot he diotvo in a irttn-aimt cla'.dfTcntion. 

Ttirtlirr in a vrrv frw ytart all roatlJ which nrr mftallrd, will he 
providedwith trcatetl sutfacr. 

{b) The }!ah:!ifr.J triu! of rotnjurird rim-K- or « jr.i\'ia-}>J.>rr mat. It i*. not 
provitlrd witli n hnilt foundation, can carry heavy iraPic for a 

lijjtitcd period in dry wearirer nnrl only liidit (i.iTtiC i:» svvt u-eather. 

(c) Thr Kolrhn ri'od con'iitin.s; f)f the natural »oil shaped and tfrained- It 
ran rarrv only lipht traflie in fair wrathrr and herornt s iinpassahle in 
wet weather 

(if) Thf Pr.el Trnr}. whirh whatever it*, rnrfacr tshelher on account of 
n:«rro'‘nr-a or yratle r,i!inos tale wln-el-d iraRic hut only pad; animals. 

All roads in the Norrh-Wrjt Tionticr Province come in one or other of these 
above classcr. I’ltrther as far as can he foreseen, no new roads svill be built which 
will not be in one of the ab'jve rlas*.*-'. 

<!. Mfthpti 0 / Ciauificctu'r,. 

Claidneaiicn is required in respect of 

{c) esisilnn roads 
(h) new roads. 

As tlie milage of ibe former chs’ays prratly c;.ccrds that of the latter, the 
method of cl.i*'!fication must prirnatilv !•- fuiiahle for Kivini; inform.ation about 
fxistiuK lotdr, 

Now to i liOMfy roads itini rav fix slil?rrrnl rlas'-s nunibercd Gl.tts I, Class II 
etc.., has the advantage of timpliciiv, and i«.abes for easy reference but it has the 
followinj? cpn'ider.ai)!'* disadv:.tj!.iy,es t* - 

(c) Unless tlte road u « r I.nos** the meanlrtr; of the das-.'S they ntr unin* 
tflHpible to him and frequently he will not h- able to obtain the infonnaiion. 

(h) 'I'he method lends to stereotype new eonstturtion into fixed spccifi- 
rafions. Now the vers* rea'on for talir.t; up the qu •sj;on t>f nesv env-dheations was 
that modern methods of ro.ad constrtiction had out Rrown the old I.I. H. S. standards 
which could not he used to dcsciih" the new lo.ads. Such n state of affairs is likely 
to recur. 

(f) The terms are mislc.adiny. In contmon parlance Chats 1 ;md Isl Class 

arc apt to gel muddled. Tor instance the Tanh*Deia Ismail Khan Road would be 

called by the non-technical adniinistraiive authority or road user, a first 01 : 1 '-: road 
(a car can cover the svholr length of 40 miles in under an hour) but arlually it is a 
class III road. 

(d) It does not help the engineer, as the definition can only be rather 

vague and he must, in any case, have much more detailed infomution about his 

roads. 


(e) Lattly a clas'ification in 'K cla'sc'. will not exactly cover all the varsang 
tjpes of road in the Province. 

_ At the opposite extreme to a single number classification one can have a 
muluple number and letter classification, each letter or number denoting a parti- 
cular quality or deficiency in a road such as 

(a) Foundation. 

(b) Surface, 
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(c) Width. . . 

(d) Grades. 

(e) Bridges 

etc., etc. 

But while this might be of use to the Engineer, it would be unintelligible to 
the road user unless he had a table of references. Thus one wants a system of 
classification which 

(a) is flexible 

(t) contains terms which can be easily memorised and from which the 
{nlelliscnt road user can deduce all tlic facts he wants. 

The average road user must be assumed to be intelligent (one cannot eater for fools') 
and capable of judging for himself whether a road is suitable for his purpose pro- 
vided he is given certain information. Tlic information he requires is given in 
paragraph 2 above and it may be presumed that if he is given the t^-pe of road as 
described in paragraph 3 above he will know its suitability for his purpose. 

5. Method of Classification Proposed. 

It is, therefore, proposed that the following classifleation be adopted. 

(c) Ail roads be classified into one of the four types given in paragraph 3 
as follows : 

A Metalled 
B Stabilised 
C Kacha 
D Pack. 

{b) Following the above initial letter will be a number indicating the 
width in feet of 

(i) The metal in metalled roads 

(The road user can assume a berm at least 4 feet wide on each 
side of the metal). 

(if) The whole road in other eases. 

(c) rollowing the width will come another letter indicating extent to which 
the road is bridged as follows ; — 

A Fully bridged for double traffic (18 feet or more) 

B Fully bridged for single traffic at bridges 

C Containing permanent c-auseways liable to floods of more than 2 
hours duration, or toads liable to breaches such as Tank-Kaur. 

D Unbridged. 

(Note : — A road containing permanent causeways liable to flood interrup- 
tion of less than 2 hours would be considered as fully bridged). 

Examples. 


Tank-D. I. Khan Road 

. . 

A 

0 

A 

Tank-Bannu Road 

. • f • 

A 

9 

C 

G. T. Road 

. « « • 

A 

16 

A 

H. T. Road 

. . . t 

A 

12 

G 

Kajuri Plain Road.s 

. . • • 

B 

20 

D 

Nathiagali Road 

. . 

D 

12 

D 


6. Civil Roads of Military Importance. 

The above system of classification permits of a graduated increase in, or 
reduction of, the standard of a road’s different factors. For instance a C 18 B 
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:Kd.) \\\ C. LAN'O-ANDERSON 

Captain, U. K. 

Kxtcutivf r.ncin'cr and 1V» on,tl 
A-..i'.tftnt to S-ftriarj to Cuv i'iiiinc.’nt, 

N.-W.F.P., PAV.D. 


Cofiy \'} w Mfvictar.tlsitn Sif. CIlSC/3.}o6/li v, dated {ton Heed- 

tjuntters, Sotlherr. Cunjuternf. Mvttee, to the F.n^lneet-in'Chief, -Irotv Hradqucrtetj, 
Simla. 

.*>t;l7ff/;— Ri'-rl;f'ilii'fttion of llfids. 

/{f/frfjjfi':— (ioi;i -spoadi'iu'. t'ltdiiu: with lleadqii.aiteri N. C. No t<!.}o8/77/E s, 
dat' d IIT-C r. addr-''.:d to ibo Q.M.C. in India, Annv lU-adquartrrs, 
Simla. 

Will \ 0 !i J.indl) inforiu iJii* oiiir>- Inw tbr r.-iti- nitli rejjard to tbo re-rlatsi- 
ficaiion of toncl'i now xtamb 


Copy of a Meri'.OTnndum iVo. CltS’C./34ot'>/E s, dated iS-5-,?5, from flead- 
.junrtrr;, S'ortln rn Command, Mvuef.^ to the Chief Enpnrer, .Vot//i-iJVjf Frontier 
Proinnre, Puhlir U’or/.s Drf artmenl, }>’cthiaga!i, 

Snhjrct: — Rr-clnSMlication of Uoads. 

itrfetence — Yoiu No. 001058. P. W. /-lOO-W, d.atcd and correspondence 

entlin!: with tl)i« office No. CRNC./3.{o6/E s, d.atcd 18-3-1035. 

Tlic clfts-ifiration bns-betn acci-pied and will be incorporated in the Iland- 
bool. in due coiirs?. 
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ANNEX G 


Nummary of suggestions made by the Provincial Chief Engineers for further tests on 
the Test Track, 

1. Chief Engineer, Bengal, suggests the following tests: — 

(1) Test of a water-bound brick metalled road of the standard usually 
adopted for district roads in the province. The road would consist of one layer of 
first class or picked jliama brick solking, 3 inches in thickness covered by a single 
layer of jhama brick metal, 6 inches in thickness measured loose. The metal would 
be broken to a gauge varying from 3 inches to 1 ineh in size. 

(2) Test of a water-bound stone metalled road of the same specification as 

(1) above, hut with the metal consisting of stone of the types most commonly used 
in this province, e.g. Pakur trap, loeal quartz, gneiss etc. 

(3) Test of a water-bound lateritc metalled road of the same specification 
IIS (1) above but with the metal consisting of lateritc nodules or pieces broken to 
about the same gauge as mentioned in (1) above. 

(4) Test of roads of similar specifications to those given above, with the 
follo^ving : — 

(n) Half to be covered svith a 2-inch bituminous carpet and 

(b) Half to be covered with a painting of bituminous surfacing 
material. 

2. Chief Engineer, United Provinces, suggests : — 

(1) That in order to ascertain the relative merits of dilTcrcnt quantities of 
binder and chips experiments may be carried out using say 

(fl) .'3G pounds of bitumen or tar per hundred square feet with 5.6 
cubic feet of chips. 

(b) 50 pounds of bitumen or tar per 100 square feet with 3.9 cubic 
feet of chips. 

(c) 34 pounds of bitumen or tar per 100 square feet with 4 cubic 
feet of chips. 

(d) 34 pounds of bitumen or tar per 100 square feet with 2.2 cubic 
feet of chips. 

If there is no objection parallel scries of tests with tar and bitu- 
men may be carried out. The specification recommended ,by 
the .suppliers of Utc binder used should be adopted. 

(2) That a test should be carried out to ascertain the merits of an indigenous 
product known as DIGBOI bitumen compared to Spraniex of similar grades.^ The 
former bitumen has not yet placed on the market but is likely to be available in due 
course. 

(3) That tests should be cairicd out to ascertain the relative wearing qualities 
of surface treatment on over-burnt brick ballast as compared to similar treatment on 
iin average quality stone. 

(4) If it is considered desirable, tests on various proprietory binders one 
agaiiKst the other may be carried out under exactly simihar conditions. 

3. Chief Engineer, Central Provinces, suggests that the wearing cfifccts of 
dilTcrent loadings and tyre-widths on water-bound macadam may be tested at tlic Test 
Track with a view to find out ; — 
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(«) damage^ will be done if the present permissible laden weighb 

of motor vehicles arc increased and 

(t) What reduction in maintenance could be cfTcctcd if each iron- 
wheel tyre of the common bullock-cart were to be 3 inches 
minimum width. 


ChUf Enfjnrer, Jlihar, in addition to the experiment which the Technical 
Sub-Cominitlce has already agreed to carry out on the .suggestions of Mr. W. L, Murrell 
using a primer (i,e, thinish hinder like No. 1 road tar) and sand followed by a coat of 
thichish binder (like No. 2 Tar, Spramex or 105 Socony) and J inch to 3 inch size 
chips, has now suggested that as the cost of chips is high and that of sand, a good deal 
less, tin* second coat may be done as follows : — 

"Only 70 percent to SO |jcrcem of the usual quantity of chips to be used and 
tlicse to be evdily spread on the 2 nd coat of hot hinder and lollcd with a potver 
roller 8 to 10 times so as to fix the chips thoroughly, hut not so as to cause crushing 
of the chips. 

Sand, as clear and coarse as possible, to an extent equal to the 30 to 20 
percent sliorlagc of chips plus 25 percent of its own volume, then to he spread evenly 
over the chips and well rolled. 

Tlie .surface to be opened to traflic immediately in cases where hot binder 
has been used and after SG hours where cut-back has been used as in the ease of 
Socofix. 

It is thought tliat the sand matrix svill give lateral support to the chips and 
prevent their being crushed so easily hy bullock-rart tyres. 

« 

5 . Chief Engineer, North-West Province suggests : — 

. ( 1 ) From the point of view of the North-West Frontier Prownce which 
has a large milage of painted roads, it is necessary' to find out the most economical 
quantity of tar or hitumcn and the best qu-inthy of bajri to be used in surface 
dressing. Tests may be carried out on the following lines : — 

(a) Tour gradings of bajri should be used, vir. : — 

1/8-inch to 3/8-inch 

1/4-inch to 1/2-inch 
3/8-inch to 5/8-inch 
and 1/8-inch to 5/8-inch 

(b) Varying quantities of tar or bitumen should be used svith each of 
tlie above gradings in succession. 

(2) A similar test using broken metal in carpets or mats should be made 
with a view to ascertaining the most suitable quantities, gradings and thickness of 
the mats, jjarticularly in rc.spcct of heavy* bullock-cart traffic which is the traffic 
for which such mats arc primarily necessary. 

6 . Chief Engineer, Orissa has no suggestion but supports the views of the Sub- 
committee that types of construction which arc inexpensive and commonly used 
should be tested first. 

7. Secretary, Sind Public Works Department suggests that tests to find out the 
relative merits of Quartz prophyry and limestone chips from Jassi and Kathar quarries 
respectively' when used for surface dressing work may be carried out if tests with similar 
stones have not already been carried out on the test track. 

8 . ^ Chief Engineer of Mysore suggests that tests may be carried out to find out 
comparative lives of plain macadam, the same surface painted . and bitumen premix 
macadam under the mixed traffic conditions of bullock-carts and motor vehicles. 
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COMMENTS BY THE CONSULTING ENGINEER TO THE GOVERNMENT OF INDIA, 
(ROADS), ON THE SUGGESTIONS OF s— 

Chief EnginciT, Central Provinces. 

• (a) The test track is not designed for high speeds, and can give 
no direct information about motor traffic. 

(b) The proposal is attractive and indeed it is contemplated that 
the width of tyres of test vehicles can be varied. But the difficulty is 
that tvith ordinary carts on ordinary roads the width of contact may be 
much less than the width of the tyre and indeed almost a constant. On 
dusty water-bound macadam a wide tyre may save the road but on a 
clear surface the saving may not be noticeable. The experiment could 
be tried but there are other things more urgent. Moreover is there any 
great prospect of an increase in tyre sizes being practically possible ? It 
is by no means certain that the tractive co-efficient is not increased. 

Engineer, North-West Frontier Province. 

May be tried early. But surface polish by motor transport has to 
be considered. 

Chief Engineer, Bihar. 

(i) (a) and {b) for discussion. The size of chip depends on the 
quality of the stone, as well as on the binder. If also varying quantities 
of binder are to be used there udll be a very large number of combina- 
tions. I agree as to the object but the full series may not be possible 
at present. 

(ii) The relation of the maximum size of aggregate to the thick- 
ness of the carpet has been studied in many countries and is dealt with 
in text books and standard specifications. The proposal in its present 
form is too randam. The proposer should, I think, suggest in what 
direction or directions a departure from modern practice should be 
investigated. When this work is being done on a reasonably large scale 
variation might be tried on an open road and a more specific problem 
put to the test track. In these experiments it is desirable to have a 
more or less definite proposition to investigate. 

Secretary, Public Works Department, Sind. 

The first thing is to get samples of the stone to compare with those 
tested. Elementary laboratory tests of adhesion can be made at the 
Test House. And if there is a problem for the track, a test can be made. 

Chief Engineer, Mysore. 

It was established long ago on the Brunswick test track and is re- 
cognised as a general truth that the wear of water-bound macadam 
under mixed traffic is far greater than the sum of the wear under rach 
kind separately. The Alipore test track is not designed to reproduce 
mixed traffic. The wear of water-bound macadam under bullock-cart 
traffic alone is no measure of that under-sized traffic because the nature 
of the stone is a most important factor. I have no precise object in 
testing water-bound macadam but would be glad to discuss. 

Chief Engineer, Bengal. 

I find the same difficulty with most of these proposals. 

Chief Engineer. United Provinces. 

1. The amount of binder depends largely on the condition and 
nature of the surface being treated — ^but this may be tried. 
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Z. Gan be tried. 

3. Very necessary. 

4. Will come later. 

A programme for the next set of lists will be worked out after the 
Committee' has discussed these comments. 


Copy of the letter No, 4684 Wks./ 38~3 dated, st^rd January, 1338 . 

From 

H. R. Dogra, Esq., B.Sc., 

Chief Engineer, P.W.D. (Gcnl., Bldgs, and Roads) 

Chepauk, Madras. 

To 

The Secretary, 

The Indian Roads Congress, 

C/o Department of Communications, 

Government of India, New Delhi. 

Sir, 

Subject: — ^Roads — Test Tracks at Calcutta. 

Reference: — ^Your letters Nos. IRC. 6 dated 4-10-S8 and 22-11-38. 


I would suggest that in the next batch of tests on the test tracks, tests with 
Pallavaram blue granite metal and chips be included, as these materials arc largely used 
for road works in and around Madras. One section of the test trade may have a soling 
of granite stones and another with laterite stones, to note the effect of the difference 
in hardness of the two soling materials. The required quantities of materials will 
be sent on further hearing from you. 

2. It is mentioned in a foot note under Appendix * A ’ to the specification 
that the trench to be formed for the track will" be 12 inches deep to receive the 
soling and two coats of metal. The soling is to be 6 inches thick. It is presumed 
that each of the two coats of metal tvill be 4| inches thick before consolidation, 
and the 1-inch clay binding is to be laid under each layer of loose metal (4^ inches 
thick) — ^to be worked up through the interstices by rolling. 

3. The specification mentions the use of 4-ton roller for rolling over the 
fine aggregate spread after the application of bitumen. Burmah-Shell gcnersdly 
advise the use of 8 to lo-ton rollers. I should think 8 to lo-ton or at least 6 to 8-ton 
rollers are necessary for rolling over the granite chips. 


ANNEX H, 

To the Technical Sub-Committee’s Report, 

The question of standardisation of (a) milestones, (b) signs to indicate 
altitudes and gradients together with principles to govern their erection, has been ' 
referred to the Government of India by certain associations and Provincial Governments. 
The advice of the Roads Congress is necessary. 

So far as is kno^vn, there are no international standards for milestones or the 
signs in question. Gradients appear to be of interest only when they are exceedingly 
severe say, steeper than 1 in 10 and such cases can be treated by the erection of 
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notice-boards or by an explanatory plate fixed under Indian Standard Sign, Part B, 
No. 10. Height above sea-level can be marked on milestones on a suitable part 
depending on the design. 

The design of a height and gradient post as suggested by the Safety Pint 
Association of India will be found at Appendix I, and designs of milestone as used 
in the Punjab, United Provinces and Central Provinces are at Appendices II, III 
and IV, 


-•^NNEX I. 

To the Technical Sub~CommitUe's Report. 

At the Third^ Indian Roads Congress held at Lucknow in February 1937, it 
was suggested that it would be valuable to get out figures for the cost of road bridges 
built in various Provinces and States in the past few years on the basis of elevation 
area to bottom of foundations, the roadway width being separately stated.* As it was 
thought that the information would be of great interest and value in selecting the 
best type of bridge for a given set of conditions and as a guide in preliminary 
estimating, the information specified in die attached form has been collected from 
provinces and certain states in respect of about 90 bridges. 

It is for consideration whether the particulars may be published in book form 
and made available for sale. If some of the drawings arc omitted or redrawn, it is 
estimated that the expenditure would be about Rs. 1,500 for printing 1,000 copies 
in which case the price of the book for sale to non-members might be Rs. 3/- net. 


ANNEX J. 

A few points of importance abouf the machine are : — 

(1) 6 feet width is treated in one traverse of the machine. 

(2) Depth burnt is 2 inches to 4 inches according to soil. 

( 4 ) Rate of burning soil is 40 feet per hour. 

(3) At 850 degrees Fahrenheit moisture is all evaporated from soil. Beyond 

1100 degrees Fahrenheit, fusion and cementation of particles takes 
place; 

1300 degrees Fahrenheit to 2500 degrees Fahrenheit arc limits of 
carrying on treatment; 

1700 degrees Fahrenheit is the average temperature used for black 
soils. 

(5) Soils to be treated should have a high clay content. 

(6) The quantity of burnt material is not equal to rock or hard metal in 

durability (Deval Abrasion loss 14 to 27 per cent and specific gravity about 2.0). 
fit may be considered as equivalent to lateritc). 

(7) The machine is 33 feet long, 8 feet 7 inches high and 9 feet wide 

and weighs about 26 to 27 tons. Cost £3,000. F.O.T. Works (England). 

(8) Cost of heat treated roads (12 feet wide) in Australia is about 700 
pounds per mile, (single layer of burning). 
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ANNEX K. 

Proceedings of the Technical Sub^Conimittee meeting on the lath February. 
*939 <*s approved at a meeting held on the tgth February, 1939. 

PRESENT. 

Mr. S. G. Stubbs, O.B.E., Chairman. 

Mr. K. G. Mitchell, G.I.E. 

Mr. G. D. N. Mcarcs. 

Mr. Syed Arifuddin. 

Mr. J. A, Stein. 

hfr. E. F. G. Gilmore. 

Mr. N. N. Son Gupta. 

Mr. N. Chowdhry. 

, Mr. Jngdish Prasad, Secretary. 

1. Mr. Meares' proposals regarding base stabilhation, etc. 

(1) That the cficct of “oilinp” (with asphaltic oil) the well 
consdidatcd berm .sub-grade— upon which a wearing coat is being laid direct in 
the Punjab irt the course of widening, will be tried bv Mr. Stubbs. It has been 
found in the Punjab that the henns of old metalled roads a few inches below the 
surface have been superlatively consolidated (probably, in the ordinary course of 
nature, at optimum moisture content) and th.at for widening tlie metalled carriage- 
way no soling is necessarj;. The addition of an asphaltic binder will give that 
plasticity as opposed to friability of the top layer of the sub-grade wliich is 
hiycr*o?'dust^"'**^"^ and gradimlly increasing dividing 

(2) Recommend tliat in ordinary macadam consolidation whether to be 
surface painted or not Engineers should try in suitable small lengths the effect of 
laying the loose metal on a hoggin— asphaltic, oil mix so as to get “inverted loaded 
grouting." 

2. Classification of roads — 

Decided. That it would suffice if in “ (ii) According to importance" the 
words "motor transport” were substituted for the words “vehicular traffic” in III 
and IV. This to be done and the classification othcnvisc to remain, except for the 
addition of a class under “ (ii) According to importance” of “V Bridle Tracks.” 

3. Standardization of milestones and height and gradient posts. 

Derided. (1) That it would be a waste of inonev to replace all existing 
milestones by a standard type and that no province is likelv to do this. It will 
suffice to circulate copies of .satisfacton- types for adoption on new roads and for 
replacement. 

(2) That normally, unless otherwise done already, as far as possible, heights 
above sea-level should be shown on milestones where there are considerable changes 
in level. 


(3) That it would be a waste of money to attempt to show gradients 
cveryivhere or even on long hill and ghat roads where they do not varv much from 
the ruling gradient. For safety and general interest it will suffice’ to indicate 
gradient steeper than one in ten on definition plates affixed below the st.andard 
steep lull sign. 

4. Question of printing data regarding important road bridges in India. 

, Decided . That a selection of half a dozen to a dozen sets of particulars be 
published in " Indian Roads " in order to ascertain whether there -would be anv 
demand for a complete series. ' 
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5. Papers re gat ding heat treatment of earth roads, (The Irvine Road 
machine). Tlic papers were for information only. 

6. Further experiments to be catried out on the Test Track. 

Decided after a visit to the track — ^That (1) after a few hours further 
demonstration run, the plant should be .stopped and the whole track re-rollcd with 
a ten or twelve-ton roller. 

(2) The testing .should tlicn be resumed in the present wheel ruts with 
tlie present loading of the carts until destruction. 

(3) Test samples about 6 inches by 6 inches should be cut out (patch 
with a premix) immediately and at fairly frequent intervals until destruction, to 
determine the initial and subsequent breaking down of the chips by extraction of 
binder and sieve analysis. 

(4) When the existing tracks or ruts have been so destroyed that the test 
cannot continue, the present test to be stopped and recommended on another set of 
ruts by adjusting the machinery. (It may be possible to run one machine only). 
The point at which the test is to be stopped to be determined by Messrs. Sen Gupta 
and Stein in consultation. If one or two lengths prove to be greatly superior to 
others it may be necessary to patch the ruts so as to allow the testing of the good 
sections to be continued forsuflicient time to evaluate their superiority. 

(5) When a start is made upon new ruts (on one rail) the carts should 
be loaded to 2,000 pounds only until the tracks have surfaced up and the load 
should be increased later in the discretion of those in charge. On the other rail 
tlie same should be tried with sanding of the chips before the carts arc laid on to 
sec if crushing is reduced. 

(6) Further tests. The scries sliould be continued of testing various chips 

with different binders as at present and, in order that there should be no doubt 
in comparison, the chip will be used with the same stone in the water-bound macadam 
course. For this it will suffice to cut out and relay with new material in four strips 

18 inches wide each. Stones to be so^ tested are those proposed by the Chief 

Engineers of Madras (one sample) and Sind (two samples) and any others proposed. 

(7) The relative behaviour of the various chips should be compared with 
tile “ranking” of the stone by the Deval machine. 

(8) The varying of the proportion of chips to binder (U.P. proposal) and 
the use of sand to blind the chips (Bihar proposal) should come next. 

(9) Thereafter the following to be tried out as convenient : — 

(a) Brick ballast primed and surfaCe painted with binder and good chips; 

(i) Brick ballast with .stone “grafted on with a primer” if necessary and 

painted with binder and chips; 

(c) Brick and stone ballast with “ inverted loaded asphalt grout ” painted 

with binder and chips; 

(d) The effect of varying the size of the chips. (The optimum size of 

chips is probably determined by the quality of the stone and the 
unit weight of the traffic. It may be possible on the track to 
determine the optimum size of chips for different qualities of stone, 
' but more results arc necessary before it ran be said how far this 

will be useful). 

(<) The effect of water. 

(10) It is probably useless to tr.sl thin prcmi.N carpets of less than 2 inches 
consolidated. But the com])arativc trsts of representative specifications of premixes 
and grouts may be made. 

(11) Later, cement concrete in different thicknesses and to different 
specifications can also be tried. 

(12) If possible a monthly report on the work in the track and proposals 
for the next test.s then contemplated will be issued to the Technical Committee who will 
send in any comments or criticisms they may have. 
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APPENDIX IV. 


DISCUSSIONS ON THE RKSOLUTION REGARDING RESTRIC- 
TIONS ON "RIBBON DEVELOPMENT”. 

{which took place on 17th February 1939.) 


Iit.-Col. H. C. Smithl — There is the important point •which - Mr. 
^litchell anh also Mr. Trevor-Jones raised. That is with regard to legisla- 
tion and tlie possinility of this Congress passing a resolution recommending 
to Provincial authorities and the Indian States the desirability of passing 
legislation. I have drafted a rough resolution to which if this Congress 
agrees a final draft will be made and submitted to you after lunch. I will 
read out this rough draff.—- 

Besolution : 

"This Congress, in view of the evils of "Ribbon Development" on 
and obstiuction of roads and the danger and obstruction to -the 
growing road trntlio which they cause and of the heavy cost of 
restoring an adequate width free of obstruction, recommend to the 
Pi ovincial authorities and Indian States that immediate legisla- 
tion be undertaken to restrict this type of development”. 

If this meeting agrees to something on these lines, the final draft 
might be submitted after lunch. 

Mr. S. G. Stubbs (Chairman): — ^Tn regard to the proposal of Colonel 
Smith, the following resolution will be passed urging that immediate legisla- 
tion be undertaken. This is the resolution: — 

"This Congress, in view of the evils of "Ribbon Development” on 
and obstruction of roads and the danger and obstruction to the 
growing road traffic which they cause and of the heavy cost of 
restoring an adequate width free of obstruction, recommend to 
the Provincial authorities and Indian States that immediate legis- 
lation be undertaken to restrict this type of development". 

Have you any suggestions to make about this resolution ? 

Mr. G. B. Vaswani (Earaohi) : — ^Will the words "Provincial autho- 
rities” be taken to mean "Provincial Governments”? Will it not be suitable 
• to put the words "encroachment on the developed land” instead of "this 
type of developuient”? 

Mr. S. Bashiram (Panjabi :— I do not think it is possible to give 
immediately our considered views. 

Mr. S. G. Stubbs (Chairman): — ^Your resolutions should be framed after 
due consideration by the Council. 



Mi\ Si liashii’am (Panjab) : — It should l)e luken up toiuoii^owi 

f 

Ml*. S. G. Stubbs (Chairman): — I thitjk perhaps it Tvill be a wiser course 
if we all thought about it. 

Mr. B, Basbiram (Punjab) : — I will fui*ther suggest that there should be 
a forwarding letter by the Council in which they can amplify the reasons 
underlying the resolution proposed. 

Mr. G. B, Vacwani (Karachi): — You may consider all these points but 
I think it will iiorhujis bo !)ettcr if wc were given time to consider it, and we 
might bo able to move a slightly modified resolution. 

Lt -Col. H. C. Smith: — The only dilHculty is the Council have had three 
meetings, and I do not know whether they are going ho have another, and 
after toinonow's meeting, of course, the new Council will come in. It is 
ratlier difUcuIt. 1 think we have to consider it during the lunch interval 
!uid puss the resolution afterwurd.s. I really do not think that we can call 
another Council meeting to consider this, and if that is so, it will bo put 
off till a considernhle time. 


Mr, S. Q. Stubbs (Chaiiman): — Shall we take it up after lunch ? 

Mr. S. Bflshiram (Punjab): — The present proposnl should be read out 
«lowly, so chat wo may digest it. 


Lt.-Col. H. G. Smith; — (Beads the proposed resolution again). 

"This Congress, in view of the evils of "Ribbon Development" 
and existing oucroachinent on and obstruction of roads and the 
danger and obstruction to the growing road traffic which they 
cause and of tljo heavy cost of restoring an adequate width free of 
obstruction, recommend to the Provincial authorities and Indian 
•Slates that iuiuicdinte legislation ho undertaken to restrict this 
typo of development’'. 


Mr. S. G. Stubbs (Chaimiaii): — Wo will take this up again after lunch 
. after you have had time to consider it and digested it with your lunch. 
(Laughter). 


{Continued after lunch) 


Mr. 6* G. Stubbs (Chairman): — Before continuing the discussion on 
Papers we will take up the question of Besolution which wo briefly discus- 
sed before lunch on "Bibboii Development". Mr. Basbiram asked that he 
might be given time to nigest the question, and I presume that members 
have hiid this time to digest the question. Has anybody else got further 
suggestions to make ? 


. Mr, T. Lokauathan (Coimbatore): — In this connection you may he 
interested to know what occurred in the Madina Presidency where also 
this question of enoroaohment is giving usia lot of trouble. There was n 
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circular issued about four years ago by tbo Madras Government to the 
effect that when the encroachments on a road became so many that they 
could not all be reasonably evicted, a detour road might bo formed with 
advantage. I just mention this to show that any attempt on our part to 
keep back encroachments would bo like the policeman trying to keep out 
the orowd and finally lotting the crowd have its own way. 

Mr. S. G. Stubbs (Chairman);— The question in issue is wliether 
tlio Congress agree with this resolution-or not, and on what lines it should 
. bo made. 

There is no objection to that^ That is understood, I presume. 

Mr. S. Sashiram (Punjab): — Will you kindly read out the resolution 
once again ? 

Mr. S. 6. Stubbs (Chairman): — (Hoads the resolution). 

Eai Sahib Fateh Ohand (United Provinces): — 1 suggest that the reso- 
lution be so worded as to apply to Hibbon Development on District Board 
and Municipal roads as well, and the definition of the word “Hibbon De- 
velopment" bo made clearer with reference to local roads, whore occupation 
of the road-land is allowed by the Boards under different names both 
temporarily and permanently. My point in raising this point is that the 
Ministers might keep the local roads in view while taking action on this 
resolution* I hope the Chief Engineers will put such an interpretation to 
the resolution as to include local roads (even if the wordings are not 
changed) when their advice is sought by the Honourable Ministers on this 
resolution, so that ribbon development on local roads be controlled side by 
side with its control on the Public Works Department roads. 

Mr. S. G. Stubbs (Chainnan): — We all know* w’hat Hibbon Develop- 
ment is. The question is whether we should first pass the resolution and 
then ask the Provincial Governments to take action. 


(The resolution was then put to the meeting and carried unanimously)* 
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APPENDIX V. 


TOUES AND OTHER EU NOTIONS, HELD DURINGaTHE EIFTH 
SESSION OF THE JNDIAN feOADS CONGRESS. 
OALOUTTA, FEBRUARY 1989. 


Monday, February IS, 1939. 


The dalepates assembled near the South Wostoni Gate of Edoti Gardens 
near Bandstand, at 8-30 a.m., and proceeded from there in taxis to 
inspect the Galcuttn-Jossore Road. 


This road was one of the first in Bengal to "ho improved from* the 
Central Road Fund. The work of improvement: was first taken up in 1930 
and extended from BELGACHIA (mile 3 furlong 6-G46 feet) to BAR ASET 
(15 Jr. P.). Owing to tho intensity of trafijc it was decided to put 
down some of tho higher specifications of types of road on tho 3-1/2 
miles between BELGACHIA to DUM DUM (0 M. P.) - From DUM HUM 
to BARASET tfie Riirfncing was two coats of paint only.’v The higlior 
specifications put down between BELGACHIA and DUM DUM wore • 


CEMENT GROUTED, OVER 4 INCH 
for 2 furlongs 379 feet on either side of 


STONE SETT PAVEMENT, 

LIME CONCRETE. Tin's was laid 
the tramway lines in 1931-32, 

The cost of surface treatment is Rs- 52/10/- per hundred square fcot. 

If’’ V^oBoob condition is satisfactory thouch tlio 

ength of the road is subjected to heavy bullock-cart traffic Tliere is 


Commencing 4m. 2f. 283 pert, 

a : 2 •. i‘) 

luilongs 193 feet in August 1931 i j (^*1*2), laid for 2 

™etal. Cost per hundred with trap stone 

SH JSid teTSesloTfeo/te°S?f™,i‘3^ “i - 

macadam road with tiwi hIoup ^ i water-bound 

Rs. 70/13/.. Cost per hundred square foot 

THlCK^"(ll2?4fAlS BOTTOM S-INCHES 

WITH DOUBLE . Z-INGHES THICK 

Fabric No. 9 and Sfeom /einforcemont is of B Ti r 

.apart both-ways. This was la?d7'^’ TiVr steal bars, 6 inches 

^l‘ad to be used^n acco„rof 7 Roil?cem^ 

«qaare feet Rs. 103/8/-, foundation. Cost per hun^rd 
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pREsBNT Condition. — Present condition of the above ciiree stretches oi 
concrete is very satisfactory though this is subjected to lieavy wheeled 
cart and other traflSo. There has been practically no expenditure on 
maintenance except for filling up expansion joints occasionally. 

So far, any differeaca in the wearing properties of the various 
specifications is not apparent. 


Commencing 4m. 7p. 334 feet. 


(i) 6i-INCH THICK HALKA KHILAN (PATENTED, TILED REIN- 
FORCED CONCRETE (4:2: 1}) (vide diagram below.) • 


Z'/Z C EMENT' CONCRETE 



x^Z JOINTS I - XI 0X5%. 


This was laid for a 66 feet length, »n March 1933. Cost per hundred 
square feet Es. 56/9/-. 

Present CoNomoN.-- This has both longitudinal and transverse cracks 


GROUT WITH TRINIPHALT AT 167 POUNDS PER 100 
SQUARE FEET AND SEAL WITH SPRAYPHALT AT 56 POUNDS PER 
100 SQUARE FEET. This was laid on a 80 feet length in May 1933. 
Cost per hundred square feet Es. 25/- 


pRESENj Condition. — G ood. 


This short length of road was carpeted in 1932 with a 2-iDch concrete 
bitumen mixture 4 of stone, 2 of sand and 1 cubic foot of cement mixed with 
Colfix* This was a complete failure as the matrix never set* 


^ (iii) DATTA’S REINFORCED BRICK AND CEMENT CONCRETE 

With wearing course 2-inch thick mexphalt grout with 

SPRAMEX SEAL (MEXPHALT AT 167 POUNDS PER HUNDRED SQUARE 
FEET, AND SPRAMEX FOR SEAL AT 56 POUNDS PER HUNDRED SQUARE 
FEET, (vide diagram below.) 


z’gROUT with mexphalt IGVtbs pe.R lOOSF^, 
SEALED WITH SPRAMEX 56lbs PER lOOSpX 



This was laid on a 30 feet length in March 1932. Cost per hundred square 
feet Rb. 65/.. 

Prssbnt Condition. — G ood. 


(iv) DATTA’S BRICK AND CEMENT CONCRETE . WITHOUT RE- 

INFORGEMENT. — (di»gi-am name as in (iii) above except that tbs rfinfoi ce- 
ment is omitted and bitumen grout is replaced by cement concrete). Tliis Was 
laid nn a 30 feet, length in March 1932. Cost per hundred snuare feet, 
Rs. 47/-, ‘ : 

Present Condition. — ^This has cracked in places. 

(v) DATTA’S BRICK WITH REINFORCED CONCRETE (1: ; 3) 

{diagram same as in (iii) above except ilmt bitumen grout is I'epbiced 
by cement concrete). Tiiis was also laid on a 30 feet length in March 1932. 
Cost per hundred square feet Rs. 53/5/-. 

Present Condition. — Good. 


(vi) 2.INCH PREMTX CARPET-B.^cp. roAT ^vyTTi WTOH VISCO- 
SITY ROAD TAR AT 4,5 POUNDS PER CUBIC FOOT OF STONE METAL 
AND STONE CHIPS AND TOP COAT WFlH 'lAR No, 3 AT 4 POUNDS TO 
6 POUNDS PER CUBIC FOOT OF STONE CHIPS.— I’his wtis laid for one 
furlong in April 1938. Cost per bundled square feet, Rs. 32A2-. 

Present Condition. — Good. 


(vii) 2-INCH GROUT WITH MEXPHALT AT 133 POUNDS PER 
HUNDRED SQUARE FEET AND SEAL WITH SPRAMEX AT 56 POUNDS 
SQUARE FEET.— Tliis was Itid for 6 furlongs m 1931-32. 'Jhis lenmh 
Was fsiiiintad with Sjirarae.x in 1937-38. Cost per hundred sauaro feet. 
Rs 24/11/-. ^ 


The -length wa have just passed over is interesting as it was 
an attempt at Vconbiny by reducing tlie amount of matrix. 133 pounds 
per liundred square feet were applied with a seal of 68 pounds per 
100 square feet, i’he quantity of bitnnien used was obviously insulli- 
cisnt as tlie surface pot-holed badly and has required a good deal of mainte- 
nance. The surface now is very rough. 


COJIMIilfCING 5M, 6P. 

(») 2-INGH GROUT WITH SOCONY ASPHALT 101 AT 1 G 7 POTTMns 

PER 100 SQUARE FEET AND SEAL WITH SOCONY ASPHALT 105 AT 66 
ROUNDS FER 100 SQUARE EEET.-Tbi. ivos 1..U lor 4 tuTlauJo “ifVLe 
Cost per iUU square feet Rs. 24/ Jl/-, 

Present Condition.— Very satisfactory. There has been practically no 
cost of uiaiuienauce so fur. ^ 

POUn/iS^PEr’im'IqUARE FEEt’aND sSii WlrapiT^ a/to tar'b ■ 

t/ ““ square PEET.-Tl,io “os W? W 6 

JiJaicli lyj... Oobt per lOU square feet Rs. 19/10,6. 7th and 8lh Furlongs 

were paintea with Spramex in 1935-36. ^ 

Present Condition,— Fair. Signs of wear iiro uoticahle in places, ’ 
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.P^iis^NT CoNDmoN.~'S}iti'Sfaceoi'J^ 

- The 8fch mile was originally devoted to grouting with vui ious emulsions. 
These were not .a siicoessj the surface pot-holed badly with the result that 
the greater portion of the road had to be picked up and a fresh 2-inch grout 
laid two years later (1933-34). The greater portion of this mile is now of 
the specification given above for soeony. 

COatMBNCING ^hVQF 

(i) 2.INOH TEXACO PAVING CEMENT AT 165 POUNDS PER 100 
SQUARE FEET AND SEAL WITH NO. 96 AT 56 POUNDS PER 100 SQUARE 
feet. This was laid for a length of one furlong in April 1932. Cost per 
100 square feet Es 24/8/-. 

Present Condition. — ^This is showing signs of failure especially on the 
eastern-half of- -the road. ... 

' (ii) ■2-INGH PRmiX CARPET WITH HIGH VISCOSITY ROAD TAR 
AND SEAL WITH TAR No. 1. Tins was also laid over one fuilong in May 
193‘2. Cost per 100 squato feet lis. 29/3/- This was painted witli Spramex 
in 1934-35. 


Present Condition. — This is also showing signs of failure, especially 
ou the e.istein half of the road. 

Commencing 9m. Op 

2.INGH GROUT WITH PITCH AND TAR (6:3) AT 215 POUNDS 
PER 100 SQUARE FEET AND PREMIXED CHIPS AT 4.6 POUNDS OF TAR 
AND PITCH (1:1) PER CUBIC FOOT OF STONE CHIPS AND SEAL WITH 
SPRAMEX AT 35 POUNDS PER 100 SQUARE FEET. This was laid in 8 
tui longs in 1937-38 Cost per 100 square feet Es 24/-. 

Present Condition. — G ood. 

This ro.id was water-bound with trap stone metal and painted with 2 
coats of Spramox in December 1932. Painting did not stand up to the traffic, 

so a grout wiis put down in 1937-38. The intensity of traffic over 18 feet 
width in 24 hours is 3019 tons as per census t.iken in June 1938, (page 83). 

EXPERIMENT WITH CUTBACK OF BITUMEN. 

ISin MILK (l 4 PUULONGS). 

Condition Before Treatment. — This mile was vety wavy but had a 
thick crust formed by periodic.il repaintings On digging trial holes, it was 
found that the road had from 2 inches to 3 inches of metalling only. It 
Was decided to resection the road and to utilize the old asphalt crust. 


Treatment. — ^The crust was picked up and broken 
The road was scarified, the iiase dressed level and 


to 1-inch pieces 
layer of blinding 


material laid on the base, over which tho new metal together wdth some 
old metal, was laid Drv rolling was done for some time after which the 
road was profusely watered. Kolling was continued until the lioggin from 
below creamed up. Tho biMken pieces of the crust were then spread over 
tlie surface and rolling continued until these iiieces were firmly lodged in 
the surface voids of the metal. The road was kept closed to traffic and 
allowed to dry for several weeks. 
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; SoBOuy Liquid Asphalt No. 2 was then applied at 2 gallons per 100. 
square- feet over the firsb two furlongs and at '3 gallons qjer 100 Bqil&re’ feet 
over the next 2 furlongs. After an interval of 48 hours it was ' noticed 
that the asphalt of the old crust was completely dissolved by the 
liquid asphalt and the road was flooded with bitumen. Sand- was 
spread at 2-3 cubic feet per 100 squai-e feet and the road was .opened 
to'traflic^ • • , . ' ..T 

The second coat with Socooy Asphal Grade 105 (80/100 penetration 
contiiinitig 99.9 percent bitumen) was given after one year in March 
1938 at 30 pounds per 100/- square feet and blinded with 4 cubic feat of 
stone chips. 

Present Condition.— Fair, though there are signs of wear in places. 
Commencing 13m. Of. 

(1) 2- GOAT PAINTING WITIJ BITUMALS ® 84 POUNDS PER 100 
SQUARE FEET. This was done in one mile in December 1932. Cost per JOO 
square feet iis. 9/12/-. This was again painted, one coat with Sja-ayphalt 
in 1933-34, and repainted with one coat of Socony asphalt 105 in 1937-38. 

•Present Condition. — Fair, though there are signs of wear in places. 


Commencing 14m. Of. 

(1) PAINTING 2 GOATS WITH COLFIX @ 78 POUNDS PER 100 
SQUA]^ FEET. This was done in 1 mile m April 1932. Cost per ^100 
square feet Es. 8/12/.-. . This was painted again with one coat of Socony 
asphalt 105 in 1933-34.' 

Present Condition. — ^Fair, though there are signs of wear in places. 


This ends the work that was carried out in the 1930-32 programme. 

' - ■ From now onwards except for two experimental lengths, there is no 
surface treatruent which is less than 2 inches thick. The various treatments 
are as follows 

Commencing 16m. -If. 

(i) 2-INCH GROUT WITH PITCH AND TAR (5:3) @ 260 POUNDS 
PER 100 SQUARE FEET AND SEAL WITH SPRAMEX @ 45 POUNDS PER 
100 SQUARE -FEET.'' This was laid fdr'6 furlongs in March 1936. Cost per 
100 square feet Es- 21/14/0. ■ • - • 

Present Condition. — Good, 


Commencing I 6m. 7f. 

(i) 2-INGH GROUT WITH TRINIPHALT @ 170 POUNDS PER 100 
SQUARE FEET AND SEAL WITH SPRAMEX @ 45 POUNDS ' PER TOO 
SQUAJp: FEET.IChis Tyas Isiid on one furlong in ! March. 1936.. . Cost pec. 

idO square feet’ Es. 20/7/2. " - 1' ■ 

Present Condition. — Good. 
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(ii) . 2-INCH GROUT WITH TRINIPHALT @ 178 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAYPHALT @ 44 POUNDS PER 100 
SQUARE FEET, This was laid for 7 furlongs in May 1936. Cost per 100 
square feet Es, 25/ 1 /• . 

Present Condition. — Good. 

fiii) 2-INCH GROUT WITH PITCH AND TAR (2:1) @ 215 POUNDS 
PER 100 SQUARE FEET AND SEALED WITH SPRAYPHALT @ 44 POUNDS 
PER 100 SQUARE FEET. This was laid on one furlong in May 1936.. Cost 
per 100 square feet lis- 24/8/4. 

Present Condition. — Good, 

OOMMENClNft 18 m. OP. 

(i) 2-INCH SHELCRETE WITH MEXPHALT AND SHELMAO i2;l) 
@ 160 POUNDS PER 100 SQUARE FEET- This was. laid for 6 furlongs 
394 feet- ill June 1936- Cusn per 100 iquare feet-li*:. 19/'-. • 

Present Condition, — Good. 

(ii) 2-INCH GROUT WITH MEXPHALT @ 177 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAMEX @ 41 -POUNDS PER 100 
SQUARE FEET. This was done for one furlong 266 feet in April J937. 

Cost per 100 square feet Rs. 19/-. 

Present Condition. — Good. 

Commencing 21m. op. 

(i) 2-INCH GROUT WITH MEXPHALT @ 175 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAMEX @ 45 POUNDS PER 100 
SQUARE FEET. Tiiis was laid (or one mile in April 1986. Cost per 
10 J fcquare feet Rs. 23/o/ 1. 

Present Condition. — Good. 

(ii) 2-INCH GROUT WITH MEXPHALT @ 177 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAMEX @ 38 POUNDS PER 100 
SQUARE FEET. This was laid for one mile in April 1988. Cose per 
lUO square feet Us. 2*2/ 14/5. 

Present Condition. — Good. 

Commencing 28.m Op. 

2-INCH GROUT WITH SOCONY ASPHALT 101 @ 176 POUNDS PER 
100 SQUARE FEET AND SEALED WITH SOCONY ASPHALT 105 ’© 44 
POUNDS PER 100 SQUARE FEET. This was done in 2 miles in June 1936 
Avei'.Lgd c ijC per.lUO square feec Rs- 22. 14i8. 

Present Condition.— -Good. 


Commencing 25m. Of. 

■2-INCH GROUT WITH SOGONy" ASPHALT 101 @172 POUITOS 
PER 100 SQUARE FEET AND SEALED WITH SOCONY ASPHALT io'6 
31 POUNDS PER 100 SQUARE FEET. This was laid for 2 miles in May 
1937. Average cost per J 00 square feet lis. 20/12/10. 

Present CoNDmoN.->Good, 
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EXPERIMENT-' WITH CUTBACK OF BITUMEN.' - 


Commencing ■27m. Op. - 

Tb6 mile was diviSod iDto 2 expsrimontal leogths. o. 

On the first part, after thoroughly clearing the surface, .Rocofix at 4 
gallons per’ 100 square feet was applied over, whlcli 4-5 cuTjic' feet of 
f-ineh to i inch stone chips were spread. ' This was thou rolled with 
a 10-ton stream roller. _ ^ 

• The second part was treated with the application • of Socofix at 6 
gallons per 100 square feet npnroxim ttely on - the cleaned road surface 
anil chips spread at 5 cubic feat par 100 square feet. A drag-broom was 
than drawn* backwards and forwards over tlie length of rond by a 
motor lorry, until the stone chips were coated and the nnevenness 
of the purfnce was autoinat.ieilly corrected. Smaller gaus were fi led 
with 3/S-inoh to 1 /8-inch stone chips pracoated with Socofix. _ About 
2 cubic feet of sand per 100 square feet were spread after an interval 
of about 18 hours and the road thoroughly rolled with a 10-ton road 
roller. The road was opened to traffic after final rolling. 


Commencing 28m. Op. 

2-INCH GROUT WITH HOTFIX 30/40 @ 176 POUNDS PER 100 
SQUARE FEET AND SEALED WITH HOTFIX 80/100 AT 35 POUNDS PER 
100 SQUARE FEET. This was laid for one mile in May 1937. Cost 
per 100 sqimre feet Es. 21/9/3. 

Present CoNDiTtoN. — Good. 


Commencing 30m. Op. - . . 

(1) 2-INCH GROUT WITH TRINIPHALT AT 172 POUNDS PER 100 
SQUARE PEET AND SEALED WITH SPRAYPHALT AT 35 POUNDS PER 100 
SQUARE FEET. This was laid for 2 miles in march 1938. Average oust 
per' ion square feet Es. 21/4/4. 

Present Condition. — Good, 


Commencing 33m. Of. 

(5) 2-INCH GROUT WITH PITCH AND TAR (2 : 1) @ -216 POUNDS 
PER 100 SQUARE FEET AND SEALED WITH SPRAMEX @ 37 POUNDS 
PER 100 SQUARE FEET. This was laid for 3 fnilongs 613 feet in May 1937, 
Cost par loo sq n.ra feat Es. 24/0/4. 

,(ii) 2-INCH GROUT WITH PITCH AND TAR (2:1) @ 253 POUNDS 
PER 100 SQUARE FEET AND SEALED WITH SPRAMEX AT, 32 POUNDS 
PER 100 SQUARE FEET, Tliis was laid for 4 furlongs 47 feet in May 1937. 
Cost per lOO square {set Es. 19/1/11. 

(iii) 2-INCH GROUT WITH PITCH AND TAR (2: 1) AT 263 POUNDS 
PER 100 SQUARE FEET AND SEALED WITH SPRAMEX @ 85 POUITOS 
PER 100 SQUARE FEET, - This was laid for 5 furlongs in 1937-38i Cost ner 
100 s pure feet Es. 24/.i/-. 

(iv) 2-’lNCH GROUT WITH' PITCH AND' TAR f2-lV' 

POUNDS PER 100 SQUARE FEET'AND SEALED mTHSOcSlYASKli^T 

POUNDS PER 100 SQUARE FEET. This was laid for 3.. fiirlon^'b 
iu i9ii7-38. Cost per iOO square feet Es. 22/12/9. .. .. 
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pRESHNT Condition or run Anovc Lcnoth — Good. 

EXPERIMENT WITH CUTBACK OF BITUMEN. : 
OOMMISNCING GdM. OF. 

This i^Iilo was a new watur-hound niacanam, shaded with trees and 
subjootod to tree drips. Tiio oxpariinant was for low cost ro.ad surfac- 
ing. Soconj’ Liquid Asphalt No 2 and sand tvoro used on this mile. 

TanaTMENT. — The road was .cleaned and Socoiiy Liquid Asphalt 
No. 2 was applied by menus of a perforated kerofcno oil tin. The rates - of 
application varied from 2-3 gallons per 100 squarn feet and the time allowed 
for penetration varied from 12-48 hours. This Milo has been main- 
tained by patch painting with Liquid Asphalt No. 2 in conjunction with 
sand only. 

PansfiNT Cosvmos. — F.-iir. 


COMMKXCING 31M, GP. 1*20 TEKT 

2.INCH GROUT WITH BLENDED PITCH AND TAR AT 296 
POUNDS PER 100 SQUARE FEET AND SEALED WITH SPRAMEX AT 83 
POUNDS PER 100 SQUARE FEET. This was laid on piio furlong 240 feet in 
.April 1938.- Cost per 100 square feet Ils 20/ 12^- 

Present- Condition. — Good. 


CoMJiENCiNG 33 m. Of 

(i) 2-INCH GROUT WITH MEXPHALT AT 167 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAMEX AT 56 POUNDS PER 100 
SQUARE FEET. — 'Phis was laid for 7 furlongs in March 19iJ8. Cost per 100 
square feet Ks. 22/5/6; 

* ' (ii) 2.INCH GROUT WITH MEXPHALT’ AT 167 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SOCONY ASPHALT 105 AT 56.70 
POUNDS PER 100 SQUARE FEET. This was laid in one furlong in ilareh 
1938. Cost Rs. 22/6/- 

(iii) 2-INCH GROUT WITH PITCH AND TAR (3: 2) AT 235 POUNDS 
PER 100- SQUARE -FEET- AND SEALED -WITH SPRAMEX AT 55 POUNDS 
PER 100 SQUARE FEET.- This was laid for 7 fiirliuigR 330 feet in- 
.4.pril 1938. Cost per 100 square feet Rs. 24/7/6. 

(iv) 2-INCH GROUT WITH BLENDED PITCH AND TAR AT 225 
POUNDS PER 100 SQUARE FEET AND SEALED WITH SPRAMEX AT 55 
POUNDS PER lOO SQUARE FEET.- This w'as laid for 330 feet in April 1938. 
Cost per 100 square feet. Rs. 24/7/6. ■ 

Present Condition. — Good. 

At 12.55 p.m., the delegates returned to their lodgings. 

. . The, delegates, re-assembled near Bandrstahd . at Eden Gardens nt- 
2-30 p.m, .lind proceeded - -in-' taxis- to • visit the • Test 'Track at Alipore. 
dstahlished hy.'tlie Gdverniiient of. India" on‘th'6 rccommciuiation of tlio 
Roads Congress and designed "and "'e'loctcn'" uniTof " the 'drrecCiph'"of 
Mr. E. F. G. Gilmore, Director, Industrial Research’ Bureau, Indian Stores 
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Depavtme«t. Mv. K. G, Mitchell, ConBulting 

Government of India (Boads). in the course of a short. ® 
to the engineers assembled the utility of vfche 

find out in a verj' short time the most suitable ^d economical -speci^ation 
obtainable, with the use of different classes of stone metal and different 
binders, to stand a given amount and intensity of bullock-cart traffic. 
The Test Track would thus save much time and money which is now 
being spent on acattered experiments all over the country. Mr. Gilmore 
briefly explained the mechanism of the test track. 


The Diamond Harbour road was next inspected. The particulars of 
experiments carried out on this roao are as follows;—— 


COMMUNCIKG 6m. (tRAMWaT TERMINUS.) 

\ 

2-INGH PREMIX CARPET— BASE COAT WITH HIGH VISCOSITY 
ROAD TAR AT 4.5 POUNDS PER CUBIC FOOT OF STONE METAL AND 
STONE CHIPS AND TOP COAT WITH PRBMIXED CHIPS OF TAR NO. 3 
AT 4 POUNDS TO 6 POUNDS PER CUBIC FOOT OF STONE CHIPS AND 
SEALED WITH TAR NO. 3 AT 45 POUNDS PER 100 SQUARE FEET. 

This was laid in 1^ furlongs in May J935. The cost of the 
work per 100 square feet is Rs. 20/-. It was repainted with one coat of 
Tar No. 3 at 33 pounds per 100 square feet in May 1937. 

• Present Condition . —Good. 

(2 coats of painting with Trinidad Asphalt at 112 pounds per 100 
square feet were originally applied on a newly sectioned road in 
December 1931. This specifioation failed to stand up to the traffic 
and was replaced by 2-inch premix carpet as noted above-) 


Commencing 6m. 4f. 


2‘INCH PREMIX CARPET— BASE COAT WITH HIGH VISCOSITY 
ROAD TAR AT 4.5 POUNDS PER CUBIC FOOT OF STONE METAL AjJd 
STONE CHIPS TOP COAT WITH TAR NO. 3 @ 4 POUNDS TO G^POUlSs 
PER CUBIC FOOT OF STONE CHIPS AND SEALED WITH SOCONV 
ASPHALT 105 AT 45 POUNDS PER 100 SQUARE FEET 50G0NY 

Tliis was laid in 4 furlongs in Ifay 1935. The cost of the work 
per 100 square feet is Rs. 20/-. 

Present Condition. — Good. 

Previously this length had been 
2 coats of Trinidad Asolialc in 1931. 


resoctioned ami painted with 


Commencing 6m. Of- 
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; • a?his xvaS 'laid for 280 feet in May r936. ' The cosfc of the work-per 100 
Square feet is Es.';20/-.'. -Kepainted with one coat of Tar No. 3 at 33 pounds 
per lOO square' feet in- MuyV 1937. - v I- 

Present .Condition. — Good. ■ ■ 

. . This length had been' previously resectioned and painted with 2 

coats of Trinidad Asphalt in Deoeniher 19311 


\ I • 

(ii) 2-INGH PREMIX CARPET — ^BASE COAT WITH HIGH VISCOSITY 
ROAD TAR AT 4.5 POUNDS PER CUBIC FOOT OF STONE METAL AND 
STONE CHIPS. TOP COAT WITH PREMIXED CHIPS OF TAR No. 3 AT 4 
POUNDS TO 6 POUNDS PER CUBIC FOOT OF STONE CHIPS AND SEALED 
Vi* PH TAR No. AT 45 POUNDS PER 100 SQUARE FEET. 

This was laid for 4 furlongs 380 feet in May 1935. The cost of the 
work per 100 square feet is Rs. 20/-. 

It was repainted with one coat of Tar No. 3 at 33 pounds per 100 
square feet (except the 5th furlong) in .May 1937. 

‘ . Present Condition. — Good. 

. 'The road had bee.n treated in 1931 similar to the previous length. 


(iii) 2-INGH PREMIX CARPET— BASE COAT WITH HIGH VISCOSITY 
ROAD TAR AT 4.50 POUNDS PER CUBIC FOOT OF STONE METAL AND 
STONE CHIPS, TOP COAT WITH PREMIXED CHIPS OF TAR No. 3 AT 4 
POUNDS TO 6 POUNDS PER CUBIC FOOT OF STONE CHIPS AND SEALED 
WITH SOCONY ASPHALT 105 AT 45 POUNDS PER 100 SQUARE FEET. 

.This was laid for 510 feet in May 1935. The cost of the work per 
100 siquare feet is Es. 20/-. 

Present Condition. — Good. 

Treated in 1931 similarly as the previous length. 


COMMKNOING 6m. 5p. 510 Feet:' 

■ 2-INCH PREMIX CARPET WITH SOCONY ASPHALT 101 AND 
SOCOSOL (1: 1/16) AT 4 POUNDS PER CUBIC FOOT OF AGGREGATE 
AND SEALED WITH SOCONY ASPHALT 105 AT 45 POUNDS PER 100 
SQUARE FEET. — 'ihis was laid for 2 fuilongs loO feet in May 1935. The 
cost of the work per 100 &qu-ire feet is Es. 2lt/-. 

Present Condition. — There are signs of slight wear in places. Treated 
in 1931 similarly as the previous length- 


Commencing 7m. Op. 

(i) (WEST HALF) (A) 2-INCH PREMIX CARPET-BASE COAT WITH 
HIGH VISCOSITY ROAD TAR AT 4.5 POUNDS PER CUBIC FOOT OF 
STONE METAL AND STONE CHIPS, TOP COAT WITH PREMIXED CHIPS 
OF TAR No. 3 AT 4 POUNDS TO 6 POUNDS PER CUBIC FOOT OF STONE 
CHIPS AND SEALED WITH SOCONY ASPHALT 105 AT 45 POUNDS PER 
100 SQUARE FEET. 

• - ‘ (EAST HALF) (B) '2-INGH PREMIX CARPET WITH LIQUAPHALT 
AT >.5.'POUNDS -PER -CUBIC FOOT OF AGGREGATE AND SEALED WITH 
SOCONY ASPHALT 105 AT 45 POUNDS PER 100 SQUARE FEET, 
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The works (marked A and B) were done on one furlong of fche road in 
May <1935. 

The cost of these works par 100 square feet is Ks. 20/'. 

Present Condition. — Good. 

(ii) 2-INCH SHELLCRETE WITH MEXPHALT AND SHELLMAX 
(2: 1) AT 144 POUNDS PER 100 SQUARE FEET.— btone mebnl ( Ig- j inch 
graded) and sand (Proportion 2 : l) Hot Bitumen at 35 pounds per cubic 
fopt of Stone metal (aggregate) and at.8 pounds per cubic foot of sand). 

This was laid for 7 furlongs in 'February 1935. 

The cost of the work per 100 square feet is Es. 17/2/- 

A seal coat with Shellmao at 22 pounds par 100 square feet and 
sand was given in February 1936. 

The cost of the'seal per 100 square feet 'is Es. 1/7/7 

The intensity of traflSc in 24 hours for 20 feet width of road^is 932.69 
tons us per'census taken in February 1938 page 84. 

Present Condition. — There are signs of wear- The whole is to be 
sealed aUd chipped before next rains. (Painting 2 coats with Sprainex at 
843 pounds per 100 square feet was done^in December 1931). 

The surface failed and was i*eplaced. 

Previously, “the road had been resectioned in 1931 and painted with 2 
coats of Spraiuex at 84-1/3 pounds per 100 square feet. 


Commencing 8m. If. 182 Feet. 


(i) 2.INCH TAR-CRETE WITH HIGH VISCOSITY ROAD TAR @ 
162 POUNDS PER 100 SQUARE FEET.— This was laid in 330 feet in May 
1937: Tbe^Joost of the work per 100^squaie:feet is Es 20/-. 

This was sealed with Tar No.' 3 at 22 pounds per lOOfsqnare feet 
and sanded 'in June 1938. 

The cost of seal per 100 square feet is Es. 1/7/-. 

Present Condition. — Good. 


(ii) 2.1NCH SHELL-CRETE WITH MEXPHALT AND SHELL-MAC 
(1; 1/16) AT 144 POUNDS PER 100 SQUARE FEET. 


This was laid in 6 fui longs 148 feet in April 1936. 

The cost of the work per 100 square feet is Es 18/-. 

This was sealed with Colas at 12 pounds per 100 square feet and 
sanded in May 1937. 
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The cost of seal per 100 square feet is Rs. l/fi/H- 
Present Condition "“Good except in 7th and 8th furlongs 'Whore 
sever.'l pot-hoies have formed. 

'J’he road was previously resectioncd and painted with 2 coats of 
Spramex in 1931. 


CuMilEKCING 9M. Op. 


(i) 2-INCH GROUT WITH MEXPHALT AT 132 POUNDS TO 1^4 
POUNDS PER 100 SQUARE FEET AND SEALED WITH MEXPHALT AT 45 
POUNDS PER 100 SQUARE FEET. 

This was laid for 3 furlongs in July 19.34. The cost of work per 100 
square feet is Rs. 22/-. 

Repainted with one coat of Spraincx at 22 pounds per 100 square feet 
in June 19.37. 

Present Condition — A few pot-holes have appeared in places. 


(h) 2-INCH GROUT WITH MEXPHALT AT 154 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAMEX AT 45 POUNDS PER 100 
SQUARE FEET. 

This was laid for 3 furlongs in July 1934. The cost of tlio wotk per 
100 square feet is Rs. 2-2/.. Repainted winh one coat of Spramex at 22 
pounds per 100 square feet in January 1937. 

Present Condition. — Good. 


(iii) 2-INCH GROUT WITH MEXPHALT AT 176 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAMEX AT 45 POUNDS PER 100 
SQUARE FEET. 

This was laid for 2 furlongs in July 1934. The cost of the work per 
100 square feet is Rs. 24/-. Repainted with one coat of Spramex at 22 
pounds per 100 square feet in February 1938. 

Present Condition. — Good. 

This length was originally painted with Bitumuls after the road was 
resectioned in 1931. 


CoMjrBNCiNG 10 m. Of. 


(i) 1-INCH COLFIX CARPET AT 134 POUNDS PER 100 SQUARE 
FEET AND SEALED WITH SOCONY ASPHALT 105 AT 45 POUNDS PER 
100 SQUARE FEET. 

This was laid for 2 furlongs in June 1934. The cost of the work per 
100 square feet is Rs. 19/3/-. 

Present Condition. — Surface has again failed and is now proposed to 
beo cvered with 2-inch bitumen grouting. 


COATS WITH SOCONY ASPHALT NO. 105 AT 105 
SQUARE FEET AND AT 91 POUNDS PER 100 SQUARE 

F££Tt 
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I This' was -laid in one fnvlong in July 1935. The cosfc of the work per 
100 sqnare feet is Es. 11/2/-. Eepainfced with one coat Socony Asphalt 
No. 105 at 22 pounds per 100 square feet in 1937. 

Present Condition. — ^There are signs of wear. 

In 193 1 after resectioning the road 2 coats of Colfix at 69 pounds par 
100 square feet were applied in May 1931. 

Commencing 10m. 3f. 

l-INCH CARPET WITH HIGH VISCOSITY ROAD TAR AT 55 POUNDS 
PER 100 SQUARE FEET AND SEALED WITH TAR No. 3 AT 45 POUNDS 
PER 100 SQUARE FEET. 

This was laid on 2 furlongs in June 1934. The cost of the work per 
100 square feet is Rs. 17/1/-. 

Present Condition. — Surface has again failed and it is now proposed 
to replace it with a 2-inch grout with Socony Asphalt 101 and lOo- 

Painting 2 coats with Colfix at 89 pounds per 100 square feet was 
originally laid in May 1931. Tne surface failed and was replaced by 1-incb 
Carpet with High Viscosity Eoad-Tar ns noted above* 


The delegates then proceeded to visit the Government Test House at 
Alipor.e wliere, amongst niany tilings of great interest, the {ollo\\ing were 
inspected : — 

00 Exhibits of road metal samples from all over India. 

ib) Attrition and abrasion testing machines* 

(c) Testing of ductility, volatility and peuelration of bitumen, 

id) Testing of viscosity of road-tar, distillattion of rnnd-tnr, 
softening point of bitumen, pitch and other road surfacing, 
materials, 

(e) Physical tests on cement, surkhi, lime, etc., 

{/) Testing of vegetable oils ns lubricants and fuels, 
and (?) Viscosity and flash-points of oils. 

The delegates returned to their lodgings at about 6 p.m. 


Tuesday, Fehniary Id, 1939. 

, tfhe delegates assemhled at 7 a.m. near Eden Gardens and proceeded 
in taxis to tlie Eunti bridge, inspecting the Grand Trunk Eoad on liie way. 

One of the earliest attempts at grouting outside Cnlcutta was 
made ip ]9'2S-26 on the Grand Trunk Bond, Howrah which was cut 
up hj’ the increasingly heavy lorry traflio rind ordinary repairs failed 
to- keeti the road ‘ in order. The dust nuisance was also very great. 
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A traffic census taken on this road is on page 85. Pitch and tar in 
the proportion of 2 : 1 and at 15 pounds per square yard were laid 
at a cost of Ee. J/- per square yard excluding cost of stone metal, 
and though these miles were laid about 13 years back, there has bean 
no . occasion to replace the original surface and only occasional 
repairs were done by pitching and painting with the same 
materials. In some places where the surface developed corrugations, 
instead of disturbing the surface and reciifying the defects at heavy 
cost, it was overlaid with l^-inoh pitch and tar grouting, adding to the 
strength of the road, and the defects have disappeared. Portions of the 
road were picked' up about 5 years back to see how the work was 
behaving and the matrix at the bottom of the 2-inch layer retained 
all the strength and life. These miles prove the undoubted success of the 
tar and pitch grouting with a comparatively small amount of matrix. 

4th: mile, i OP THE 3ed furlong to 6th mile, 6th furlong, 
DONE IN J 925-26, 1926-27." 

2-INCH THICK TAR MACADAM WITH PITCH AND TAR GROUTING 
IN THE PROPORTION OF 2; 1 WITH 15 POUNDS OF MIXTURE PER 
SQUARE YARD WITH STONE CHIPS AND SAND TOPPING. 

8th mile. 

2-INCH BITUMAL GROUTING WITH SEAL COAT WAS LAID IN 
1932-33. It is being painted with Bitumal Emulsion from time to time. 
The surface is wearing well but slight corrugation has formed. 

9TH-19.TH MILE. 

BITUM^ PAINTING. The surface is wearing well. The repainting 
is required to he done in alternate y^ears. In mile 9th to 11th — 
the- surface at either edges up to 4 feet in width usually breakes and 
peels off — ^specially in rainy season, due to bullock-cart traffic, 

13th mile. 

MEXPHALT GROUTING . was done in 1932-33. Eepaintipg with 
Spramex is being done' in' every third year. Surface is wavy, pot-holes 
frequently appear, the bitumen creeps, in hot season. - ' - 

14th mile. 

PITCH AND TAR GROUTING was .done in 1931-32 and 1932-33. 
Seal coat was done with Oolas* Subsequent repainting is being done 
with Oolas in every alternate -year. • 

, . . . Surfaoe.-i-^Central portion in good condition, edges upto 5 .feeti.. width 
bn either sides break and peel-off like scales, due to bullock-cart traffic. 

15xh & 16th mile. 

PITCH. AND TAR GROUTING was laid in 1932-33 with Spramex, 
^al coat and .subsequent repainting is being .done with Spraua 03 t« 
repainting necessary in every 3rd or 4th year, 
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Surface — bibumen creeps— ISfch mile is slighbly wavy, patches' formed, - 
16bh mile in good condition. ' 

17th mile. 

HIGH VISCOSITY TAR AND PITCH GROUTING WITH -SEAL, COAT 
OF TAR NO. 2 lAid IN 1932-33. Repain'Ding iiecesbary every ihifd' year.. 
Surface even, but peeling ofif started and patches formed. 

18th— 20xh mile. ■ 

2-INCH PITCH AND TAR GROUTING SEAL COATED WITH'SPRA- 
MEX. Eepainting necebsavy every 3rd or 4th year. Surface good Pot- 
holes appeared in 18tb mile, the surface in all other miles is good- 

19th mile new. 

PITCH AND TAR GROUTING WITH SEAL COAT LAID IN 1981-32. 
Repainting done with Uolas every fourth year. 

Surface — in good state. 

20th mile. 

PITCH AND TAR GROUTING WITH SEAL COAT LAID IN 1931-32. 
Hesecbioned in 1935-36 with 2-inch grouting with Socony Asphalt (half 
of 19th and half of 20tli mile). Sulisequent repainting done with Colas 
in every 3rd year. Surface is in very gnnd state. Last 2 quarters of' 
20th mile have Colas painting over Tar and Pitch grouting 

Surface — ^good, no signs of decay. 

21st mile. 

PITCH AND TAR GROUTING WITH SEAL COAT LAID IN 1931-32. 
Subsequent repainting being done with Socony No. 6 in every 3vd year.. 

Surface— good. 

22kd & 23ki) mile. 

SPRAYPHALT 1st COAT IN 1934-35 AND 2nd COAT IN lOs'S-sV-v 
Surface in 22Dd mile slightly uneven, a few' patches formed. 23fd niile-^. 
uneven, a few patches formed. Bvpaiuting has become necessary now’-" 

24TH 'MiLE. ■ 

TRINIPHALT 1st COAT IN 1934-35, 2nd COAT IN 1936-86. 

Repainting in T937-38. Surfaoc-r-appe.av8 Wavy; 

25th TO -31st- MILES. 

PAINTED WITH GOLFIX IN 1930-31. Eesectioning done in.,]93‘l-3c!l 
except in .27th mile. Subsequent repainting being done, with . Socony 106 
except half of 28th. mile which is being done with. Road Tar„ .Repaihtihg 
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aecessary every Alternate year. Surface good in all places except 28th mile 
■which is patchy. 


32nd, & 33 KD MILES. 

PAINTED WITH COLFIX IN 1930-31. Subsequent repainting being 
done with Spramex- Bepainting necessary every alterniiie year. 

34th mile. 

PAINTED WITH BITUMAL IN 1932-33. Subsequent repainting being 
done with Spramex. Bepainting necessary every alternate year. Surface 
fairly good. Patches formed in first two quarters. 


KUNTI BRIDGE 

Site . — The bridge is located on the 34bli mile of the Grand Trunk 
Bead on the Kiver Kunti, which is a branch of the Damodar, taking off 
from the parent stream near Saiimahiid in the district of Jiurriwiin. 
Proceeding southwards into the Hooghly District, tlie stream changes its 
name from pl-ica to place. In its course through the districts of Burdwan 
and Hooghly, it is joined by several other streams. ' 

General Design . — The Bridge will be a reinforced one of the balanced 
cantilever type and has been designed to carry 9 Jiritish Standaid unit 
loads with proper allowances for impact. 'J'he road will be 18 feet wide 
■with a 2 feet 6 inches wide foot-path on either side, 

Spdtts and Beam’i . — The bridge will have 3 main spans and 2 
appi'oach spans. The central main span will be 67 feet and the end span 
'52 feet between supports. The approach spans will be 12 feet long* 

The central span beam will he 67 feet between supports with a 14 
feet long cantilever at each end. The end beams will be 38 feet long, one 
end of which will rest on the abutments of the old bridge which, is being 
replaced and the other end will rest on the cantilever end of the central 
span. 


The over-all length of the bridge will be 205 feet and the width will 
be 24 feet. 

Pour expansion joints have been provided in the whole length of the' 
Bridge. 

Superstructure. — ^There will be 3 main girders of varying depth, at 
.9 feet centres, one at each end of the main road-way and one »t the centre* 
: The cross beams will be placed at about 9 feet centres. "The foot-paths 
.will be cantilevered out from the top of the main beams* 
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The ^decking sin b will be 7 inches thick with a 4-inch layer of wenk 
concrete over it and finished with • a 2-inch wearing coursBi A _l/4-incll 
thick layer of asphalt will be laid over the decking slab in order to make 
it water-proof. ’ 

'Piers The pier will be a hollow concrete one with suitable reinforce* 

ments. The individnnl walls will lie 7^ inches thick with vertical and lateral 
reinforcements. The two longitudal walls will be bent at the ends to form 
cut-waters and will he joined and stiffened by 8 cross walls at 3 feet centres. 
The over-nil width of the piers will he 3 feeb-7| inches. The top of the hollow 
pier will lie covered by a 2 feet tliick Eeinforced concrete capping slab on 
which will rest the bearings supporting the bridge. 

Bearings . — The bearings will be of German manufacture and made of 
oast steel. Both Uoeker and Roller hearings have been provided. Both 
the extreme ends of the side spans will rest on rollers* The capacity of 
each of the bearings supporting the central span ahd cantilever is 150 tons 
whereas that of the end-span bearings is 50 tons. 

Foundations . — The foundation of the 2 Reinforced Concrete piers will 
consist of 12 Reinforced Concrete piles under each pier. The piles will be 13 
inches oiameler octagonal ones with 8 Nos* 5/8 inch vertical bars and 3/8 
inch helical reinforcements at 2 inches pitch in the central portions and 
inches pitch at the two ends. The piles will he placed in 3 rows, the central 
pile.s wiil be driven vertical, whereas the end ones will be driven with an 
inclination of 1 in 20. After driving, the concrete in ilie top end of the pile 
will he stripped off and the reinforcing rods will he splayed out and embed- 
ded in the 3 feet capping slab to be constiucted over the piles. 

Materials (a) Steel . — High tensile steel bars will be used in the beams 
and structural slabs in the mam bridge and mild steel bars will be used in 
other places. 

(b) Concrete . — Structural concrete of crushing strength of 
not less than 3,500 pounds per square inch will lie used in all important parts 
of the bridge. The aggregate of such concrete w’ill be graded so as to con- 
form to the Puller Curve, The wearing surface of the road-way will be 
made of concrete of not less than 4,000 pounds crushing strength. 

^ Preliminary xoorks . — As the new bridge was to be erected on the 
existing bridge site, a temporary diversion for keeping the road open to 
traffic during the ]ieriod of re-construction became necessary. This was 
done by shifting the existing bridge bodily sideways and placing it on 
temporary piers and abutments built for tlie purpose. 

Shifting of old bridge . — Two new brick piers w'ere constructed simitar 
and adjacent to and also in line and level with the old ones. To shift the 
central span, on to the top cf both the adjacent piers, skid ways 2 feet wide 
and continuous over the length to be traversed by the span, were prepared. 
The skinway consisted of 2 feet wide plate fixed to the pier by connter-snnk 
' their top surfaces greased. In order to resist distortion during 

shifting, the steel structure was strengthened by connecting the top and 
bottom booms by a system of Sal balla and mild steel angle ties and struts. 
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To change the old bearings for new ones which because necessary for 
Jthe purpose of shifting the spans, the ends of the two girders on each pier 
were lifted simultoneously by means of two hydraulic jacks of 60. tons 
capacity and the bearings were replaced. 

The.actual shifting was done by pulling slow’ly the ends of the - central 
-span with two crab winches of 50 tons capacity. One- inch wire ropes were 
used and the pull was applied by the winches through a S 5 '^stem of pulleys. 
The end spans were then shifted in a similar manner. The bridge had to 
-be kept closed against traflic for 3d hours in order to shift r.he spans and to 
riiake short diversions at either end of the bridge. The actual shifting and 
the works in connection therewith took only 28 hours. 

Test piles-— In order to ascertain roughly the length of pile required in 

■ order to get the specified set, it was decided to drive a test pile 60 feet long. 

■ The test pile sant without any trouble up to a depth of 10 feet. At this 
point the penetration per blow became suddenly very small and the pile 

' began to go out of the vertical. When the shoe reached a depth of about 
15 feet from the ground, the pile almost refused to go further and became 
definitely bent, with hair cracks in many places. As it was apprehended 
‘ that the pile bad met w'ith some obstacle, trenches were dug in places and 
it was found that the pile had met with a mass of masonry block. The 
extent of the masonry block was roughly determined by probing at 
different places. A cofferdam was then built around the place and the 

• earth was removed till the surface of the masonry block was exposed. Tlie 
block was then removed at first by manual labour and subsequently by 

• blasting. From the nature of the masonry block, its size, position and 
' also the presence and position of certain piles under it, it is surmised 

that there are the remains of the piers of an old bridge, which probably 
collapsed through scouring, 

Pile driving in the sonili hanh — After removing the masonry in the 
south hank, the trench was filled up and the actual pile driving was started 
No difficulty was experienced this time but at a depth of about 38 feet, tbe 
driving became hard and the penetration per blow became %'ery small lend- 
ing to the supposition that the piles met with some obstruction at that 
level. .After going 3 or. 4 feet deeper, the piles sank more easily. The 
probability is that the piles met with a bed of sand at that level. The 
average depth of piles driven is about 47 feet vfith an average time of 
18 hours for each pile- 


From Eunti Bridge, the delegates proceeded to the Dunlop Buhber 
Factory where the management showed them round the various stages of 
the manufacture of pneumatic tyres for cj'cles, motor vehicles and bullock 
carts. The visit was highly interesting and was much appreciated. The 
delegates were then treated to light refreshments and the acting Managing 
Director in welcoming the delegates spoke of the progress made by tbe 
factory during its short existence and mentioned that the factory had pro- 
,vided employment to a large number of men and was using large quantities 
of raw rubber grown in India and Burma. The President of the Congress 
thanked tbe management on behalf of the delegates. 
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- • ;T!i 0 delegates returned to' fcheir lodgings' Wrt the Willmgdon Bridge at 

12 noon. • ■ • 

In the afternoon, the delegates assembled at the Institution of 
Engineers, (India), 8 Gokbale Road, near Presidency General' Hospital, 
behind the Calcutta Club, at 3 p.ra. when after the Presidential Address the 
Hon’ble Maharaja Srischandra Nandy, Minister for Communications and 
Works delivered his speechf and formally opened the Congress Session. 
A group photos*'®-!’^’ '^***^* Hon’ble Maharaja was then 
taken. 

At 4-45 p. M., the Council of the Indian Road Congress were "At 
Home” to the delegates and certain distinguished guests. 

In the evening i)r. A. N. Puri, Soil Physicist, Irrigation Research 
Institute, Lahore, gave a short discourse on simple experimental methods 
of finding out the amounts of certain salts (c. (/. Sodium sulphate) in soil 
samples and illustrated these by experiments. 

The delegates were then shown films on “Road Construction in 
Bodgal" by the Bengal Publicity Department, on "Soil Stabilization 
Method in America'’ by Mr. 0. D. N. Mcaros and on “The Cairo- 
Alexandria Desert Road Construction” by Messrs. The Burmah-Sbell 
Company, after which the meeting dispersed. 


Wediicsdai/, February 16-1039. 

The delegates assembled at 7-45 A« M. at Eden Gordons and in two 
batches, visited in turn the Mnidan Roadsi and a demonstration of “Franki 
Pile” driving and the Now Howrah Bridge construction, through the 
courtesy of the oommissionors for that Bridge. The delegates wore present- 
ed with a nice little brochure containing ongineoring details of this colossal 
Vjridga of the cantilever type, similar in principle to the Quebec Bridge. 
The leading dimensions of the bridge as mentioned in the brochure will be 
as follows : — 

(<t) The total roadway width is 71 feet, comprising 9 foot bullock- 
cart tracks close two each curb, two tramway tracks in the centre 
of the roadway and two fast-traffic lanes in each direction 
. between the bullock-oart tracks and the tramway. 

{b) Two footways aro provided each 15 feet clear width on either 
side and railed off from tho roadway. 

(c) The oloaranco of the roadway beneath the main structure is 19 
feet. 

* The Presidential Address appears op pjigcs 5 to 10. 

t Tho Hon’bic Maharaja’s speech appears on pages 10 to 12. 

1 Specifications of these roads appepr on pages 74 to 80. 
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id) The river clearance under fche floor of ihe bridge is 29 eei 
minimum at highest water level, giving about 35 feet clearance 
ordinarily. 

(c) The length of the main span centre to centre of main piers is 
1,500 feet. The total overall length of the bridge is 2,150 feet 
made up of two shore arms, each 325 feat long, two cantilever 
arms, each 468 feet long and the suspended span, 564 feet long. 

if) The overall height of the towers above ground level is 300 feet 
api5ro};imately. 

((7) The main foundation is 181 feet 6 inches long and 81 feet 6 
inches wide. 

(7^) The anchorage foundations consist of two 54 feet by 27 feet 
monoliths, connected at the top by a tie-beam to make a unit 
104 feet by 54 feet. 


CALCUTTA MAIDAN ROADS. 

» 

The specifications to which these roads have been constructed are as 
follows : — 

At Peel Statue JuNCTIo^* of Stbakd Road and Eden Gabden 
Road. 

(1) 4i.INCH THICK TARCRETE PAVEMENT WITH SIMILAR 
HIGH VISCOSITY ROAD TAR (MACHINE MIXED), Laid on the east 
flank of Strand Road (area 94 square yards) in February 1938. Matrix 
used at the rate of 4.24 pounds per cubic foot of aggregate (2 stone metal 
and 1 sand). Cost is Rs. 42/l0/- per 100 square feet. 

Condition — ^Though the Matrix has worked up and the surface 
withstood. the iron-tyred cart traffic satisfactorily uptil now, it is too early 
to pass any opinion. 


(2) STONE SETT PAVEMENT LAID FLAT over an area of 30 
feet by 14 feet in the east flank of Strand Road laid about 10 years a«o 
Practically no repairs done yet. “ ’ 

Condition — ^Fair 


(3) CEMENT CONCRETE PAVEMENT no repairs done yet. 
Condition — ^V eiy bad 

(4) CEMENT CONCRETE BRIQUETTE no repairs done yet- 
Condition — ^Very bad 


PAVEMENT (over freshly conso- 
Strand Road up to 

Oalcutba Water Gate (North side) in Pecember 1938. 
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Matrix used — ^Book Asphalt mixed with i-inch size stone chips (pro- 
portion 2 : 1) laid over a coat of Oolfix priming and finished with fine rook 
Asphalt with admixture of cement. The cost was Es. 26/4/- per lOO 
square feet. 

(6) 3-INGH TARCRETE PAVEMENT WITH SHALIMAR HIGH 
VISCOSITY ROAD TAR (Mixed in band-made drums). Laid on east flank 
of Strand Eoad opposite the Calcutta Water Gate laid in 1935-36. Matrix 
used at the rate of 5 pounds par cubic foot of aggregate (2 metal : 1 sand). 
No seal coat. Cost Ks. 22/C/- per 100 square feet. 

Present Condition. — Good- The area treated is subjected to heavy 
traflic. (71.25 tons per foot width in 24 hours). The matrix has almost 
worked up to an elloctive seal and the pavomont has stood well under 
the wheels of heavy cart traflic- 

Napier Eoad Bifurcation. 

(7) 3-INGH PREMIXED TAR GARPETTING SEAL-COATED WITH 
ROAD TAR No. 3 — laid in 1934-35 at 3.5 pounds of Eoad Tar No. 3 per 
cubic foot of aggregate (2 inches to 14 inches metal 25 per cent, inches 
to 1 inch metal 50 per cent and 1 inch to inch metal 25 per cent for 
base coat, and ^ inch to h inch chips 50 per cent and i inch to inch chips 
50 par cent for the top coat). Cost Es. 26/13/- per 100 square feet- 

Present Condition— The seal coat wore out and pot-holes developed 
in several places though the surface was attended to by periodical patch 
repairs. Ee-sealed with Tar No. 3A promixed stone chips in December 
1938. 


West Flank Strand Eoad Ur-To Lamp Post 43- 

(8) BITUMUL H. X. PAINTING 2 COATS (cold emulsion),— laid 
on freshly consolidated water-bound Macadam in Docomber 1938. 

Matrix used at 5.8 gallons per 100 square feet. Stone chips about 
7 cubic foot per 100 square feet. Cost Es. 10/3/0 per 100 square feet. 

Condition.— It is too early to pass any opinion. 

(9) LIQUID ASPHALT AND SOCOFIX TREATMENT on freshly 
consolidated water-bound macadam laid in June 1936 on the west flank of 
Strand Eoad from Lamp Post 43 to Lump Post 25 (opposite the Peel 
Statue). Cost is Es. 8/-/6 per 100 square feet. 

Lamp Post 43 to 39. 

ia) ith stretch,- BASE COAT WITH LIQUID ASPHALT No. 2 
surface at 2 gallons per 100 square feet. TOP COAT 
WITH SOCOFIX, cold applications at 3 gallons per 100 square feet. 

Lamp Post 39 to 35. 

(6) 3rd strotoh,— BASE COAT LIQUID ASPHALT No, 1 . cold ap- 
surfaco at 4 gallons per 100 square feet. TOP COAT 
SOCOFIX cold application at 3 gallons per 100 square feet. 
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Lamp Post 35 to 29. 

(c) 2na stretch, —BASE COAT LIQUID ASPHALT Mo. 1, hot appli- 
cation on damp surface at 4 gallons per 100 square feet. TOP COAT 
SOCONY ASPHALT No. 101, hot application at 3 gallons per 100 square 
feet. ' 


Lamp Post 29 to 25. 

{d) 1st stretch, — ^BASE COAT — Same as experiment No. (c). TOP 
COAT-SOCOFIX cold application at 3 gallons per 100 square feet. 

Condition. Tiie treated surface in all the four cases has had to 'be 
attended to all along and repairs to the extent of about l/3rd the cost of 
outlay' have already been carried out. The surface has again been showing 
signs of disintegration and a few pot-holes have actually developed. 

(10) PREMIXED TAR CARPETTING (2i INCHES TO 3 INCHES 
THICK) WITH HIGH VISCOSITY ROAD TAR AND TAR. No. 3 AND 
SEALED WITH SOCONY ASPHALT No. 105. Laid on Lawrence Road in 
January to March 1936 Cost is Rs. 26/13/- per 100“square feet. 

BASE AND TOP COATS (i) With HighVisoosity Road Tar, Premfx 

at 4 pounds per cubic foot of -'aggregate 
(same as experiment No. 7)_ on the whole 
width at the start and a strip on the 
south flank* 

(ii) With Tar No. 3 Premix at 3.5 pounds per 
cubic foot of aggregate on the northern 
strip. Seal-coat with Socony Asphalt 
No. 105 at 45 pounds per 100 square feet. 

Condition. — The surface stood quite well without any ' attention 
and further expense until the advent of the last monsoon since when ’signs 
of disintegration have appeared on the north flank which is subjected to 
cart-trafSc, and pot-holes actually developed and had to be patched up. 

At Red Road and Mato Road Junction. 

(11) 3-inch premixed carpetting with High Viscosity Road Tar (for 
base coat) and Tar No. 3A (for Top coat.) 

Being laid at the junction of four roads, with 5 pounds of matrix 
per cubic foot of aggregate in January 1939. Has not yet been sealed. 
Cost not calculated yet. 


(13) 2i-INCH PREMIXED CARPETTING WITH ROAD TAR No. 3. 
Laid on Mayo Road up to Mayo Statue in February-March 1935 and sealed 
m April 1935. Cost excluding seal coat is Rs. 19/10/- per 100 square feet. 

BASE AND TOP COATS. — Matrix used at the rats of 3*5 pounds 
per cubic foot of aggregate (same proportion of metal as in experiment 
No. 7). ' 



SEAL COAT.— Nbrfch half width— Spramex at ii poiinds per id 
sqxiai-e feet. South half width— Spmmex with Tar No. 3 at 44 pounds per 
100 square feat. 

Condition,— The surface stood well for about 2 years after which 
signs of wear appeared on both flanks duo to cart-traflio and pot-holes 
developed. About 14 feet width of road on either flank has since 
been repainted with. Sprauiex and Tnr No. 3A respectively. .The 
condition of central portion, which is not subjected to iron-tyred trafSc, 
is, however quite satisfactory and no attention has to be given since 
the original laying. 


The delegates re-assembled at Eden Gardens at 2 p.ni. and 
.proceeded in taxis to inspect the Barraekpore Trunk Road upto lohapur 
Bridge. The specifications of treatments carried out on this road are 
as given below : — 


(1) (a) STONE SETT PAVEXIENT ON G-INCH LIME CONCRETE 

BED laid on the South approach to Talla Bridge up gradient 
(West half) in 1922. 

PRE.sr.NT Condition. — The surface being eroded and cut through under 
the wheels of heavy iron-tyred cart-traflic, it has been necessary to 
relay some length with entirely new setts and some portion with old 
-and new .tetb iu 1937*38 The remaining length also needs attention 
ijut, not "’being very, bad, has been left over as a proposal is afoot 
to raise this approach to the level of the new BnrrackpOre Bridge uh'der 
construction. 


‘(b ) "grouting and seal CO.AT WITH PITCH AND TAR 
(2i ; 1) at 30 pounds per square yard on the other half W’idth. 

Condition — Fair. ■ 


(2) G-INCH CONCRETE ROAD REINFORCED WITH B.R.C, FABRIC— 
laid on the bridge proper in 1926-27. Surface badly eroded and pot-holes 
developed in good many places. Covered with stone setts laid flat over sand 
cii’shion in* 1934-35. No repairs dono-ainoo. 

■ - --(S) ASPHALT MACADAM" (AND REINFORCED TAR MACADAM 
OVER A PORTION OF THE WEST HALF ONLY) laid in 1926-27, over 
the North approach of the Talla Bridge. 

Condition.— Bast half width keeping nil right — but the west half 
failed totally under heavily loaded cart traflic and has recently been replaced 
by tar-oreta carpet with High Viscosity, Boad' Tnr (Aggregate, 2 metal, 
1 .sand, matrix at 5 pounds to a cubic foot of aggregate) in November, 1938.' 

(4) VIAMUL MACADAM:— -Ijaid in l92'8-29 in Gtli- furlons .of 
5th mile. 



78 


CoNfaiTioN. — Disintegrated badly and pot-holes developed ail over; 
has been repaired with tarmacadam and whole surface repainted with 
Spramex (at 44 pounds per 100 square feet) in 1937-38. 


(6) TARMACADAM — at 30 pounds of pitch and Tar (2§ : 1) per 
square 3 'ard laid up to mile stone 7 in 1927-28. Original width — ^16th feet. 
Widened to 20 feet (2 feet each side) with 2 -inch Tarmacadam over 
6 -inch consolidated stone metal trap on double la 3 'er of Jhama brick 
soling laid flat (grouting with 18 pounds pitch and Tar 2 : 1) and seal 
coat at 6 pounds of Spramex per square yard in 1935-36. 

Condition. — The original area has been repainted with Spramex at 
3 pounds per square j-ard in 1936-37 and is keeping quite all right. In 
the widened area the' depressions at edges are being filled up with Tar 
(No.* 3 A) Premix (Aggregate 1 stone metal 1 ': 1 stone chips; matrix at 
5 pounds per cubic foot of aggregate) over a thin coat of road Tar No. 3-A 
priming. 


(6) TARMA'CADAM at 22 pounds of pitch and tar (2| : l) laid 
in 1927-28 upto furlong-stone 5 of mite 8. 

Subsequent Treatment. — Same as above- 


(7) TRINmAD ASPHALT MACADAM— laid in the 6 th furlong of 
9th mile in March 1928. 2-inch grouting at 1 2 pounds and Seal coat at 
7 pounds per square 3 'avd. Surface repainted every 4th year. 


(8) COLFIX MACADAM at 1.5 gallons per square yard (cost 
Rs" 2/12/- per square yard) — laid in 1927-28 in 5th furlong of 14th mile. 

Condition. — Failed and was replaced by 2-incb Fremix carpet with 
High "Viscosity Road Tar at 4 pounds per cubic foot of aggregate (metal 
and chips) seal coated with Spramex at 44 pounds per 100 square feet in 
1934-35. The latter has been keeping well- Surface has been repainted in 
1938-39 i.e., after 5 years. 


(9) PREMIX CARPET WITH LIQUAPHALT per cent 3.5 pounds 
per cubic foot of aggregate (metal and chips).' Laid in 1936-37 over the 
widened and super-elevated portion of road in 6th and 7th furlongs of 14th 
mile— seal coated with Spramex at 44 pounds per 100 square feet in 1937-38. 

Condition.— Quite satisfactory. 


BARRAOKPORE STATION ROAD. 

(10) MEXPHALT GROUT (18 pounds per square yard) and Spramex 
seal coat (4 pounds per square 3 'ard) — ^laid in 1932-33. No repairs have had 
to be done yet. 
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ghoseparA boad. - ' . 

(11) MBXPHALT GROUT (1st furlong at 133 pounds per 100 
square feet 2nd furlong at 146 pounds per 100 square feet scaled with 
Spramex (at 55 pounds per 100 square feet) — laid in furlong 1 and 2 of 16th 
mile (Ist mile of Ghosepara Road) in April 1934. Surface had to bo 
repainted in 1937*38 (Spramex at 44 pounds per 100 square feel). 

16th JflLE 2nd FVRLONO. 

(12) 2-INGH GROUTING WITH PITCH AND TAR (2 rl) at 200 
pounds per 1()0 square feet seal coat with Spramex at 77 pounds per 100 
square feet laid in 3rd furlong of 16th mile in February 1934. Surface bad 
to be repainted in 1937-38 (Spramex at 44 pounds). 

SPRAMEX SEALED WITH 

(a) Grout 177 pounds, seal 77 pounds, per 100 square feet— laid in 
1935 over the diversion road in 4th furlong of 16th milo. No 
repairs have had to be done yet. 

?6Th“iL^SlTm 

in 1338-3!) 


(14) 
SPRAMEX, 
FEET. 


kid m l6l tour turlouju of lltb mile iu lass ® 


1- Seal coat wore out and surtaco repaintod in 1938-39, 

S- 2 and 3-only patali topaita have had to bo dono. 

r. 4-SnvIaco had to bo repaintod In 1937-38. (Spramox at 11 pound.). 


(15) 2-INCH GROUT WITH TT?VAnr\ m 

Q are FEET. Laid in last 4 furlongs of 17th mail in Juno 1933. 
Condition —Fair. No heavy repairs dono yet. 


.oSfiSfSIr™ « 

'“^“4= ':"tV“sCv'ri^ 
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(17) 2-INCH GROUT WITH PITCH AND TAR (2:1) SEALED 
WITH SPRAMEX. GROUT 200 POUNDS, SEAL 44 POUNDS PER 100 
SQUARE feet — Laid over bhe new Ishapore Khal Bridge - approaches in 

1936 - 37 . - 

Condition— Good. Nothing done yet. 

/ ' • 

. An index map showing the roads and places visited during the tour is at 

page 88. 
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DESCRIPTION OF lOHAPORE KHAl BRIDGE. 


1. Province or State 

2. Name & nature of bridge 

3. Road and milage 

4- Year of conetruction 

5. Nature of stream c^g., bed slope, 

maximum velocity etc. 

6. Width and type of road 

7. Length between faces of abut- 

ments. 

8. Number of spans 

9. Length of each span 

10. Height above bed level 
and 

above foundations level of 
top of piers. 

Jl. Height above bed level 
and 

above foundation level of 
decking 

12* Founded on, (geology) 

18. Type, Section, etc., of founda- 
tions 

14. Type, Section, etc., of piers* 

15. Type, Section, etc., of abut- 

ments. 

16. Type, Section, etc., of arches- 

17. Type, Section, etc,, of decking 

18. Total cost of bridge 

19. Cost per running foot of road- 

way, 

20. Cost per square foot of road-way 


Bengal Province. 

Icbapore Khal Bridge, reinforced 
concrete continuous beam. 

Gbosepara Road 19th mile Ist furlong 

1936-37. 

Tidal Khal. 

20 feet carriage-way with 2 — 4 feet 
footpaths on either side canti- 
levered out. 

122 feet. 

3 Spans. 

Centre span 48 feet, 2 shore spans 
of 37 feet each. 

17.17.feet. 

19.17 feet. 

21.17 feet. 

23.17 feet. 

Clay. 

Reinfoi'ced concrete Piles 12 inches 
square, 25 feet to 30 feet long, 
all driven with top at Reduced 
Level 0.00. 

Reinforced Concrete Trestle* 

Briclrin-lime. 


6-inoh Reinforced Concrete Slab, re- 
inforced with ^-inch diameter rods 
at 5-inoh centres, both-ways. 

Rs. 33,400/— (approximate). 

Rs. 261/- 

Rb. 13/- (on carriage-way only, not 
including footpaths). 
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21< Cost per square foot; of openings 

22. Cost per square foot of the 
elevation area i.e-, from the 
road^Yay to the bottom of the 
foundations. 

23* Annual cost of maintenance, 
average of recent actuals or 
budget (give separately -cost of 
painting reduced to annual 
average per running foot of 
road-way). 

24. . Percentage of maintenance 

to capital cost. 

25. Permissible load 


33400 

2000 


(approximate) — Es. 16.7 


3.3400 

128x28!67 


Es. 11/-. 


Completed only this year. 


Nil 


12. B.B.A. Units. 


On the return journey the delegates visited the Bengal Chemical 
and Pharmaceutical Works at Panihati. They were shown round the 
factory by the management. Of particular interest to members was 
the section where road tar is manufactured. After a very interesting 
visit, the party was entertained to tea and light refreshments. 

The delegates returned to their lodgings at 6 p. m. 
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TB.APPIO CENSITS IN DISTRICT 24 PARGANAS 

FOR ONE Day op 24- HOUBS 

(jessot^b eoad) 

-LACE » TIME OF ORATION I CALCUTTA-ffiSSOM KOAD „-m MILE.,,, ..IT 

NATUM OF ROAD AT THE I 

ABOVE PLACE | TARMACADAM 

FULL WIDTH OF ROAD 1 — 

I OS '—O' 

metalled width of road I ~ T'~ 7 ~ ~~~ 


TYRE OF 

traffic kind of traffic 


J^ori-y (loaded) 
each at SS tone 
Lorry (unloaded) 
each at 1 ton. 

AUTO- Bus 

mobile. each at 2*6 tons 
Car 

each at ‘75 tone 

( I Motor Cycle 
each at ‘20 tons 

4 Wheeled Carts, 
hackney carriages <to. 
each at '3 tons 

Bullock Oarts (loaded) 

each at I’l tons 
Bullock Carts 
I (unloaded) 
each at ‘25 tons 

NON-auto- Other Types of 
mobile . Vehicles e.g., 

- kickshaws, Cycles (tc. 

I each at ‘1 ton 
j Pedestrians 
; each at '05 tons 
; Cattle 

jeach at ‘06 tons 

TOOT WniTH OF ' 

metalled track 



225 j 787‘6 tons. 

^*6 jllfi-Otons; 

560 I4000tons:o4.,-OE„„, 

-411 Stons 134*0 tone. 

107‘0 tons! 


'8 tons! 


19 

0 . 

1 5'7 tons' 

I i 

367 

403’7 tons 

203 

50’8 tons' 

55.7 

56-3 tons 6077 tons 

1018 

i 

1 

fi 0*9 tons! 

( 

688 ' 

41 '3 tnns^ 

1 


3019 ‘0 TONS 
167'8 TONS 
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TRAFFIC CENSUS IN DISTRICT 24 PARGANAS 

FOR ONE DAY OP 24 HOURS 

• (diamond habbodr road) 


PLACE & 

TIME OF OBSERVATION .. 

DIAMOND harbour ROAD 8TH. MILE-FEB.I938' 

NATURE OF ROAD AT THE 

ABOVE PLACE 1 

[ BITUMINOUS 

FULL WIDTH OF ROAD 

sa-— O' 

METALLED WIDTH OF ROAD 

£0'-0' 

TYPE OF 
TRAFFIC 

KIND OF TRAFFIC 

NUMBER 

OF 

EACH KINT 

WEIGHT 

OF 

EACH KIND 

WEIGHT 

OF 

EACH TYPE 

WT. PER 
FOOT 
WID’IH OF 
. METALLED 

track 


Lorry (loaded) 
each at 3‘o tons 

79 

•276*5 tons 



- 

Lorry (unloaded) 
eaoh at 1*0 ton 

54 

64 0 tons 



auto- 

mobile; 

Bus 

each at 2*5 tons ^ 

118 

295*0 tons 

669*2tonB 

33*6 tons 


Oar 

each at *75 tons 

58 

43*5 tons 




Motor Cycle 
each at *20 tons 

1. 

*2 tons 




4 Wheeled Carts, 
hachney carriages &c. 
each at '3 tons 

3 

*9 tons 




Bullock Carts (loaded) 
each at I'l tons 

144 

158*4 tons 




Bullock Carts 

(unloaded) 
each at *25 tons 

96 

24*0 tons 

37r8tons 

18*6 tons 

NON-AUTO- 

MOBILE 

Other Types of 

Vehicles e.g., 
Rickshaws, Cycles &o. 
each at '1 ton 

795 

79*6 tons 




Pedestrians 
each at *05 tons 

2118 

106*9 tons 




Cattle 

each at *06 tons 

52 

3*1 tons 



TOTAL WEIGHT OF TRAFFIC 

PER DAY OF 94 HOURS OVER 
WHOLE WIDTH OF ROAD 

• 1041*0 TONS 


DITTO— PER FOOT WIDTH OF 
METALLED TRACK 

62*1 TONS 
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APPENDIX VI. 

A NOTE ON 

EXPERIMENTS WITH CUT-BAOKS OE BITUMEN. 

By 

Mb. P. 0. NeogIi i.s.e. 


INTRODUCTORY, 

The Government of Indin, in the Department of Tndnstriee nnd 
laboui^ in tlieii' letter No* 0 48 dnted the ^7th May 1936, sanctioned a 
grant from the reserve in the Hoad Euud account for conducting 
experiments on Ultra Low Cost Road Sunaces iieur about Cnlcinta. An 
estimate amounting to Rs. 20,0U0/- was sanctioned with concurrence of 
the Consulting Engineer to the Government of India (Ronds), wliich covered 
a range of experiments with ent-backs of hitninen a»)d probable maintenance 
cost for a period of 2 3'ears. It was anticipated tliat the experimental 
stretches of road would he inspected by the members and delegates of the 
Indian Roud Congress which, at that time, was thought would be held in 

Calcutta at the beginning of 1938. 

z'' 

GENERAL CLASSIFICATION OF EXPERIMENTS. 

The experiments were divided into the following main categories 

1. Stabilisation of freshly consolidated water-bound macadam with 
trap stone metal, by allowing a cut-back of bitumen to penetrate into 
the macadam to difierent depths of penetration by adjusting 

(a) the quantity of matrix, 

(b) the nature of surface, viz. dry oi* web, 

(c) the interval allow^ed between the application of matrix and the 
blinding material, and 

(d) application of matrix in cold or hot state. 

2. Sui'face painting with cut-back of bitumen on existing water-bound 
macadam wl)ieh .liad become rough but where the water-bound macadam 
was sufficient to receive surface treatment. 

3. Surface painting with cut-back of bitumen on freshly consolidated 

water-bound mucadaimin good shape. » • 

4. Behaviour of different grades of cut-backs of bitumen on existing 
bitumen-painted surfaces, with a view to explore the possibility ot— 

(u) Reviving bitumen which had hardened and cracked but under 
which the sub-base remained smooih. 

(b) Correcting a badly corrugated road (corrugations being due to 
the excess of bitumen at the surface); 
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(c) Correcting a badly cormgated road (corrugations being due to a 
WHiik sub'-base); 

(d) Miiintcnnnce of a bitumen-painted surface, w'hich is fast develop* 
iug poC'holes, duo to any one of the causes referred to above. 

It will be seen from the above details that the scope of the 
experiments covered a wide range, each having a piirticuhir importance of 
its own. Consi(iei'ation now iu greater detail of tlio experiments will 
possibly help iu arriving at conclusions. These details are — 

Item No. 1, Stabilisation of ivater-bound macadam freshly consolidated. 

This is more or less of the nature of a semi-grout. The scope of the 
experiment was to have water-bound consolidation with varying depths 
of penetration of a cut-back of bitumen. 

(. 1 ) Light tr.afiic, met with beyond a radius of approximately 25 miles 
of Calcutta, the intensity of traflic not exceeding 500 tons per day of 24 
hours, on a 12 feet wide road, traflic consisting mostly of iron-rimmed 
bullock-carts- 

(b) Moderately heavy traflic, met with in and aiiout Calcutta, the 
intensity of traffic being over 100 tons per day of 24 hours, on roads 
12 feet in width. 

It was assumed that by regulating the penetration of cut-back 
witli the methods described earlier, different depths of penetration would 
be obtained, tlms presenting suitable sub-bases for surface painting (as 
wp-aihig course) under varying intensity of traflic. Surface painting may, 
however, be applied at a siilisequent date according to requirement. The 
niateriiil to be used in surface painting may either bo bitumen of 80-100 
penetration applied hot or a cut-back of bittimen. 

The underlying principle of conducting this experiment was to 
determine— 

(i) to wbat extent the adoption of specification with higher percentage 
of hituinen tlian in surface painting (such as grout, premix carpet etc.) iniglit 
be dispensed with, in tlie case of roads subjected to nioneriitely heavy traffic, 

(ii) to wliat extent the maintenance cost of miles of roads,- normally 
heavily patch repaired with stone metal every ycJtr, could be reduced, by 
retaining the surface of tbo road in true sbapo and form, till the next 
programme of re-sectioning. 


Item No. 2. Surface painting with cjil-back of bitumen rough water" 
bound macadam. 

There are many miles of roads the surfaces of which have become 
very rougit bub where the water-bound consolidation remains firm- 

The scope of the experiment was to investigate the providing of 
treatment to such a surface, without having to resection it, (with the 
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possible chances of Tvealferinfl the water-bouno), but, a6 tha s: me time, to 
ensure the correct g luntity of surfacing material. 

Attempts to paint rough surfaces tvith residral bitumen lead to excess 
at places which, under trafiic, lead to cornigatiions »nthe surface but also 
increase the cost of surface treatments. Treatment of such surfaces normally 
should consist of a primer coat on the hrusiied sin face and then a carpet of 
premixed chippiugs rolled to shape with a possible liquid seal on top with 
sand. 


The cut-backs, however, offer a march over this method, in allowing a 
comh'ned primer coat and mix-in-place carpet with the help of a drag-broom. 
By using different sizes of chippings, it is possible to smootben a rough road 
by applying one or more courses of treatment as considered necessary, the 
number of courses depending mainly on the depth of depressions. 

IWn No. 3. Surface painting with cut-bach of bitumen on freshly 
consolidated water-bound macadam. 

The scope of the experiment was to ascertain if better results could 
be achieved, than the present day methods of surface paintings with hot 
bitumen, road tars or emulsions. The superiority claimed for cufc-baclcs is 
that with their greater penetrative qualities, better adhesion with the water- 
bound macadam is obtained. 

Hem No. d. Behaviour of different grades of cut-hacks on existing 
bitumen painted surfaces which owing to some reason or the other, require 
replacement. 

The scope of experiment under this sub-head was mainly to determine, 

(i) to what extent bitumen, wliich has become apparently dead or 
hal’d, can be revived with the addition - of cut-hacks and to explore the field 
of use of such stuff instead of throwing it away, 

(ii) to what extent softening of bitumen in a painted surface will take 
place and, with this information, to see to ivhat extent this can be used in 
smoothening a corrugated bitumen painted surface with the addnion of 
chippings, thereby ensuring a greater thickness of carpet with the correct 
quantity of matrix. 

•it- °^ 0 “tion the following facts in connection 

with painted surfaces with bitumen. 

Repainting of surfaces, particularly with hot bitumen, on a painted 
(bitumen) surface, which has shown signs of dying and becoming brittle, 
leads to failure as the new surface has no adhesion with the sub-base It is 
therefore, necessary to remove the date material which is hob an easy 
operation to perform. ^ 

The range of penetration of residual bitumen used in all surface 
dressing must vary between 80 to 100 and this penetration (softness) should 
be maintained in the bitumen after all field operations are performed- 
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Bitumen with a lower peuetration than 60, tends to becomo very hard and 
firy in the course of n fow months, nii<5 hepins to di^iintOMrate wit.ii tlie inipitet 
of irallic, wiiiie liitnincn po?sc<6iii{* a lii{'luir pciietruf ion than 100 tsnris to 
become fluid inahin^ ir. impossible to vctniu the simpe of tho road unless the 
l)itiinicn is uiinutursilly liavdcned with thu addition of foveijin materials f'Uch 
us road dust etc.. Alti'in])ts so far mndu in all stirfaco treatments are to use 
a fjratio of bitumen wliicb, after all field operations and with npo, shall 
retain a penetration of 60- 100 ; success In ibis has seldom been obtained. 
Tilt! reason for tins is Unit bittimeu hardens considcialily under tbo vatious 
lield oueratiotis and the factors which contribute to such haidening nro : — 

(a) Tom pern turc,—tlio fiieater tho temperaturo tho greater tho 
hardening, 

(h) Thicknoss of film exposed,— tho less the thickness the greater 
tho luu'dcning, 

(c) Time of exposure of film under field operations,— the greater the 
time the greater the hardening. 

It is claimed that cut-backs, if left suriioienLly long in contact with 
bitumen, will got dissolved in tbo latter and form one mass, thereby softeii- 
ing tbo resulting mixtuic, but to wliat extent tbo resulting mixture will ' 
harden, is a matter whicli can only be found out by conducting a series of 
cxiieriincnts. In all suriaco treatments, certain amount of bardoniiig of 
bitumen at the siufaco is inevitable, but so long as ibc matrix in tho remain- 
ing mass is iinalTectcd and a perfect adhesion is established with the water- 
bound surface, there is no cause for apprehension. 


DETAILS OF EXPERIMENTS. 

Item No. 1. — Stabilisation of water-bound macadam aud surfaco treat- 
ment on top. 

The experiments under this section have been divided under 2 parts- 

Part 1. Eoads subjected to light traffic up to 500 tons per day of 
24 hours cn a 12-feet width. 

Matrix used Liquid Asphalt No. 2. 

Cut-back — 40 percent bitumen (residual) 60 percent. 

Hoad surface. It was decided to- conduct tho experiments on freshly 
consolidated water-bound macadnm of trap stono metal but this could not 
be rigidly adhered to owing to circumstances explained later on. 

Location 23rd mile of Galcutta-Jossore Boad — Full mile, 

35th mile of Caloubta-Jessore Eoad — ^First 6 furlongs and 
360 feet. 

It was originally intended to conduct experiments in tlie 23rd and in 
the 29th miles but this was subsequently changed. 
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Preparation of watev'hound macadam and condition before experiment- 

Water-bound consolidation of the 28rd mile of the Ojilcutta- Jessore 
Road ^Yas taken up during the driebt months of the year i.e., April and 
May 1936. The reason for such abnorimil treatment was to complete the 
experiments prior to the onset of tbe miny season so that tlje experimental 
streiobes might experience at least 6 mouths of traffic before inspection by 
the members and delegates of the Indian Road Congress. The date of the 
Rond Congress being in tlie meanwhile deferred until the beginning of 1938, 
tbe consolidation was left over till December 1936 but in tbe meanwhile the 
surface had become considerably disturbed by cattle traffic. 

Water-bound consoliontion of the 35th mile of the Calcutta- Jessore 
Road was done during October and November 1936 and the surface was in 
very good shape. The 23rd mile is free from dripping.^ of road-side trees, 
while 35th mile is subjected to heavy drippings. 

Time of experiment, 

23rd mile • • • • . • . • December 1936. 

35bh mile •• •• *• •• January 1936. 

Variables, 

The experiment was divided into 48 variables as stated below with 
200-feet length of road- way under each variable and the details may bo 
seen from tbe statement No< I attached herewith* 

(o) Bate of application of matrix. 

(i) li gallons nor 100 square feet of road surface. 

(ii) 2 gallons per 100 square feet of road surface* 

(lii) 3 gullous per 100 square feet of road surface. 

ib) Time to apply blinding materials after application of matrix. 

(i) 2 to 6 hours in cases of («) (i), (a) (ii). and (u) (lii) 

(ii) 18 to 24 hours in cases of (-.i) (i), (i) (ii), and (n) (iii) 

(iii) 36 to 48 hours in cases of (a) (i), (u) (ii) and (a) (lii) 

(c) Nature of blinding materials : — 

(i) Sand. 

(ii) Cinder. 

(iii) Road-side dust. 

(d) Nature of surface. 

(0 Dit* 

(it) Damp, 
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Initial cost of surface treatment. 

Rate nf appHcafcinn of ■Rl^n(iingm■l^.nrinls and qnnnfcifcj' Rato por 100 squiiro • 
cut-hade ner 100 per 100 square fed foot of surfaco. 


square feet. 

of surface. 

Rs- 

.‘Vs- 

P. 

1^ Gallons 

Pand and Cinder 

at 2 cubic feet 

1 

10 

9 

Giillons 

Road dust 

at 1.5 cubic feet 

1 

5 

9 

2 Gallons 

Sand and Cinder 

at 3 cubic foot 

2 

3 

9 

2 Gallons 

Road dust 

at 2.5 cubic feet 

1 

12 

6 

3 Gallons 

Sand and Cinder 

at *3.5 cubic foot 

3 

0 

3 

3 Gallons 

Road dust 

III 3-0 cubic feet 

2 

8 . 

0 


N.B. Cost of cut-back liquid asphalt No. 2 at -/ll/B gallon including 
carriage 

Cost of sand and cinder 15/- 100 cubic feet- 

Cost of labour including lighting and guarding • o/G per 100 square feet. 
Condition of surface after treatment. 

Portion covered with 3 gallons of cut-hack per 100 square feet 
remained in a very good enudicion, hut the portions covered with to 
2 gallons per 100 squat e feet failed in places. 

In November 1937 it was decided that no useful imrposo would ho 
served in keeping such a groat length of road tinder observation, so the ‘J.'lrd 
mile was accordingly provided with a 2-inch grout as provided for in the 
project for improvement to the Calcutta -Jessoro Road- It was fnrther 
decided to pre.servo the esperiments in the 35th mile for nnothor year after 
attending to necessary repairs. 

Maintenance Cost, z^rd mile. 

Repairs were necessary to portions covered with 1^ and 2 gallons 
per 100 square feet- During one year and one month the ext^erimont 
was kept under observation the following ch.-irges had to be incurred: — 

2 tons liquid asphalt No. 2 at 160/- ton Ks. 320/- 

Labour charges Hs. 30/- 

Rs- 350/- 

TJie area maintained. 

3480 feet X 12 feat = 4l,760 square feet. 

Therefore, uiaintenance cost, per 100 square feet Rs- 1/3/- per year. 
Maintenance Cost, ssth mile. 

Practically no repairs were done during the first year but sevdral loose 
patches formed under heavy drippings from trees. Tlie loose patches were 
first primed with cut-bac-k liquid asphalt No 2, packed loose stone metal 
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and clups and the entire area under experiment covered 

seal coat at U gallons per 100 square feet coverea mth sand. Repaus 

completed in April 1938 at a cost of Bs. 1/8/- per 100 square feet. 


Conclusions. 

Verv little difference was observed with ppplieatiozi on dry and wet 
surfaces. Rates of application of U and 2 gallons per _1U0 sqi.are "'eje 
found to bo inadequate. The application of blinoing materiiils should 
be kept back as far as possible to allow siillicicnt penetration into the 
water-bound niacadain. Even 3 gallons per 100 square feet is inadequate 
on It fi-eshy consolidated water-bound macadam. 4 gallons per 100 square 
feet tvould he best if left over for 48 liotirs before application of blinding 
materials. Tbo rata of penetration can be oefinitely checked with the 
oiiriy application of blinding materials. Of the three blinding materials 
sand, cinder and road-side dust, sand turned out to be tlie best. Treatment 
should be done iinmediatoly after consolidation and before the metal pieces 
start to get loose. This treatment is of distinct adviintiige on roads 
subjected to light trallio ns tlie shape of the road can bo retained in a ver>- 
good sliape at a small cost. 


Pari 5.— Roads subjected to moderately heavy Iraflic — 1000 tons per 
day of 24 hours— 12 feet wide road. Priming with cuHmck 
followed by surface treatment with cut-back dr hot bitumen and 
stone chips. 

Matrix med. Liquid Asphalt No. 2. (40 percent out-back) Sooofix 
(20 percent cut-back). 

Road surface- Freshly consolidated water-bound macadam surface 
was slightly loose and rough immediately before experiment. 

Location- (a) 6th mile, Galcutta-Jessoro Road.— 1st furlong. 

(b) Strand Road — starting from Peel’s statute 

Details of experiment- 1st furlong of the 6th mile Galcutta-Jessore 
Road— Combination of (liquid asphalt No. 2 and Socofix : This 
length was reseotioned with 4-inch consolidated new trap stone 
metal of the road during the month of May 1936. and in the 
month of September tlie same year was espoiimenied upon. The 
area was divided into 2 parts— Parts A and B. 

Note.— Parts A and li were further snh-divided into 2 parts each 
for surface treatment with liquid asphalt No. 2 on dry and damp 
surfaces. 

In part A, surface treatment was made with 3 gallons of liquid asphalt 
No. 2 (applied cold) after cleaning the surface and this was allowed to stand 
for 24 hours and then covered with stone chips and sand. TrnfQc was allowed 
for a period of 3 months. The surface was then given a mix-iu-place carpet 
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with Soeofix at 4 gallons pet 100 square feet and trap stone chips ^ inch 
to 1 inch at 5 square feet per 100 sqtiai'e feet. The mix-in-place wns effected 
by means of a drag-broom. Tiie entire surface was then given a liquid 
seal of Socofix at 1 gallon per 100 square feet and covered with sand. 

In part B, the road surface was primed with liquid asphalt No. 2 at 
4 gallons per 100 square feet applied hot-treatment made i)oth on dry and 
damp surfaces. Stone metal and chips and sand were then applied to fill 
up depressions and the road was opened to traliic after 24 hours. 

The surface after 3 months was given a course of mix-in-place with 
drag-brooniing using Socofix at 4 gallons per 100 square feet and stone chips 
f inch tn 1 incli at 5 cubic feet per 100 square feet and covered with sand 
after rolling. 

The experiment showed signs of failure after 4 months of laying. 
Repairs to the pot-holes were done with Boenfix and stone chips, cost of 
maintenance from date of experiment to 1st January 10.38 being Bs. 4/8/-. 
100 square feet. 

Conclusion. 

The experiment was considered to bo a failure. The strefch of road 
selected had to carry very heavy traffic. Tliis experiment may be of use 
on a road carrying light traffic. 
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Itein Ho. 2. Surface painting with cut-back of bitumen on existing 
water-bound macadam which has become rou^h, but is strong enough to 
receive surface treatment. 

Location. 2nd half of 28th mile Calcutta-Jessore Eoad. 


Condition before treatment. The water-bound consolidation was 
done during the months of April and May 1936 under conditions identical 
with those in the 23rd mile. The experiment was, however, conducted 
during tlie latter part of December 1936 and the beginning of January 1937. 
The surface was extremely rough and the water-bound macadam was loose 
due to cattle trafdc. The surface of the road was watered and rolled to con- 
solidate the stone metal slightly. So the condition of surface before 
the experiment was rough but the water-bound was firm-. Depressions in 
places were about 1^ inches 

Matiix used. Socofix— cut- back, SO per cent. 

Area covered by experiment. = feetx 12^-0” ==30, 960 square feet. 

Details of experiment. The road surface was brushed clean and then 
moistened with w.iter slightly. Out-baek (Socofix) was tlien applied to the 
surface at the rate of 6 gallons per hundred square feet and allowed to pene- 
trate for a period of 2 hours. The stone chips of sizes varying from 1 inch 
to f inch at the rate of 7 cubic feet per hundred square feet approximately, 
was then spread on the road surface. The drag-broom was first tied to a lorry 
and dragged along the road but this method was found to he unworkable as 
the engine got unduly hot and the operation had to be postponed. Dr ag- 
brooming was then done with manual labour; about 12 coolies were foUnd 
to be sufficient; 10 to 12 turns of drag-brooming with ajiplication of matx’ix 
at dry patches by means of perforated cans, was found to be sufficient to mix 
the aggregate with matrix thoroughly. The surface was then covered with a 
thin layer of sand and rolled thoroughly with a lO-ton steam road roller. 
After rolling, the surface was covered with a layer of sand and opened to 
traffic after 10 to 12 hours. 






ITEM No, 2 
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Item Wo. 3.— Siirfncc pninting witli cut-back of bitumen on freshly 
consolidutc'd wator-bound iiiacadain in good shape. 

LocKtlton. 1st half of 28th niilo, Gnlcuttiv-Jossovo Hoad. 

Jifah'ix used. Socoiix. 

Variables. I‘aijitinfi with 3 gallons per ljundred square foot, and 
Painting with -J gallons per hundrod square feet, 
with Trap stone chips ? inch to J inch size. 

Details of er.parimcnt. The existing surface was brushed dean, 
matrix was applied at I lie rate of 4 gallons per hundred square feet and was 
allowed to stand for 0 hour.s and then covered with trap stone chips ^ inch 
to inch in size and rolled with a 10-ton steam road roller. The surface 
was Ibon covered with a layer of sand and opened to trallio. 

Initial cost of.crpcrimciiL Av’crago cost of experiment worked out as 
follows 

Area under experiment = 32,400 square feet* 

Socofix— 3296 gallons at -/I l/- a gallon Bs. 891/- ' 

Stone chips 697 C. ft. at 40/- %C. ft. Rs. 279/- 

Stone chips 858 C. ft. at 38/- % 0. ft- Bs. 324/' 

Sand 356 C. ft. at 15/- % C. ft. Rs. 53/- 

Labour Charges— 32,400 S. ft. at-/8/- % S* ft* Rs. 163/- 

Rs. 1708/- 

Deduct cost of surplus chips about 

300 C. ft. at 40/- % C. ft. Bs. 120/- 

Es. 1588/- 

Therefore, cost per hundred square feet is Bs. 5/- (say). 

The condition of the road w'as very good upto the beginning of 
January 1938 but ..<inoe then there have been signs of hardening of the 
matrix leading to formation of a few pot-holes. These have been repaired 
with stone chips and Socofix, maintenance cost being 0-11-0 per hundred 
square feet. 

A softer grade of bitumou should bo used iu making the out-baok to 
prevent undesirable hardening. 

Item No. 4.— (a) Reviving bitumen which has hardened and cracked 
but the sub-base remaining smooth. 

This experiment has been conducted over several miles of the Budge 
Budge road, the surface painting of -which suddenly started failing during 
December 1937. 

The treatment was mainly in applying Liquid Asphalt No: 2 at the 
rate of 1 to 1 ^ gallons per hundred square feet and allowing it to mix with the 
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hardened bitumen for 48 hours and then covering it with sand. In the 
course of one month, the cut-back got mixed with the hardened bitumen and 
softened the whole mass. Formation of further pot-holes was effectively' 
stopped, and a smooth surface was obtained which was subsequently painted 
witii hot bitumen and ciiips* The rate of application of sand was 2 cubic 
feet per hundred square feet area. The cost pet mile worked out to Hs. 600/“ 
per mile and was amply paid back by the resultant saving of hot bitumen 
applied later on in wearing course. This treatment corrected the corruga” 
tions in the surface to a considerable extent. 

Item Ho. 4.— (b) Correcting a badly corrugated road, corrugations 
being due to the excess of bitumen at the surface. 

In the absence of stretches of such surfaces, this experimeut could not 
be conducted. .\n idea of the proposed experiment miiy be obtained from 
the details of (a) and (c) under item 4 of the experiment. 

Item No. 4.— (c) Correction of a badly corrugatedroad, corrugations 
being due to weak sub-base. 

Location. 1st half of 13th mile, Calcutta-Jossore Road. 

Condition before experiment. The surface painting was in fair con- 
dition but was very uneven but not corrugated. 

Details of experiment. The layer of surface painting was carefully 
picked up and broken up into small pieces The water-bound macadam 
was found to be about 2 inches thick and was resoctionod and consolidated, 
with old and new stone metal to a thickness of 4 inches, in Soptoraber 1936. 
Blinding with screenings from the road was applied on top of the sub-base 
of Jhama metal in a thin layer before putting down the stone metal. 
This was then consolidated with a 10-ton steam road roller, profuse watering 
being applied during rolling, The broken ])iocos of bitumen scum taken out 
from the painted surface were used as blinding material on top of the stone 
metal during rolling and thoroughly consolidated. After u month the surface 
was treated with a liquid seal of cut-back liquid asphalt No. 2, at 4 gallons 
per hundred square feet and allowed to penetrate for 24 hours and thou topped 
with sand. 

. Mtial cost of experiment. Hs. 4-4-0 per hundred square feet 
excluding the cost of water-bound macadam* 

Maintenance. Cost of maintenance from date of experiment for about 
one year was Rs. 1/3/- per hundred square feet. 

Condition after experiment. After one year of experiment, the 
surface showed signs of hardening and a number of pot-holes formed. 

The road surface was then given a coat of surface painting with hot 
bitumen (Socony E grade 106) and stone chips inch to 1 inch size. 
Bitumen was used at 22 gallons per hundred square feet and chips at 
6.5 cubic feet per hundred square feet. 
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Conclumon. Tho cul-back combinco well wiih ihe seujn of bitumen 
but tlio resultant mass hardened and had lo ho covered with hot bitumen 
of 80-100 ponotnition and stone chipped. Tlio unovonness in the road 
surface did not appear nRain* 


Item No. 4.— (d) ^raintonance of a bitmncti painted surface which is 
fast developing into pot-holes duo to any one of tho causes referred to above- 


Loca/w». 2nd half of 13th miio. Calcutta-Tessoro liond. 

Details of experiment. It was treated with Kocofix at 4 gallons 
per hundred square feet and stone chips 1 inch si;?o at 5 cubic feet 
per hundred square feet and finished with mix-in-placo operation and 
rolled with Steam Hoad Holler in Decoraber 193G. 


Initial cost of cxpei intent. Rs. 0-8-3 per square yard. 
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APPENDIX VII. 


List of Papers in Annual Proceedings. 


Volume J—ig34. 

1. Objects and Organisation of a Permanent Indian Roads Congress, by 
K. G. JlitcheU, C.I.E., I.S.E. 

2. (n) Recent Methods used for the Treatment of Roads with Bitumen 
and Tar in Delhi Province, bj' A.W.H. Dean, M.C., I.S.E. 

(6) The Trend of Development in the United Provinces in the matter of 
improving Road Surfaces with special reference to recent Experiments, 
by C. F. Hunter, IL Inst. C.E., A.M.I.E., (India). 

3. Earth Road Construction and Maintenance by Machinery, by G. W. D. 
Breadon. 

4. Earth Road Development and Stabilisation witli Gravel, by 
Lieutenant-Colonel A. V. T. Waldey, D.S.O., M.C., R.E. 

5. (fl) Progress made in the use of Tar and Bitumen in the Punjab since 

the last International Roads Congress, in Washington in October 1930, 
by S. G.. Stubbs, O.B.E., I,S.E. 

(6) Notes on the Uses of Tar, Bitumens and Emulsions in the 
Punjab, by R. Trevor-Jones, M.C., A.T^I. Inst. C.E 

6. Asphalt Roads by G. G. C. Adarai, B.A. (Cantab). 

7. The Use of Cement Concrete for the Construction of Roads in the 
Bombay Presidency, by L. E. Greening. 

8. Cement Concrete Roads, by \V. J. Turnbull, B.Sc., M. Inst. C.E. 

9. Concrete Roads in Hyderabad (Deccan), by M. A. Zeman. 

10. Corrugation of water-bound macadam road surfaces iu the Bombay 
Presidency, and a Cure, by Henry J. M. Cousens. 

11. Notes on the Plant Used for Quarrying and Granulating and Operating 
Costs of the Gauliati-Shillong Road, Khasi and Jaintia Hills Division, 
Assam, by B. F. Taylor, V.D. 

12. Some Physical Aspects of Tyres and Roads, by G, L. W. Moss. 

13. Test-Tracks— A Suggestion, by C. D. N. Meares, 



14 . 


15 . 

16. 

17 - 

18. 

19. 

20. 


21. 


22. 


23. 


24. 


25. 

26, 


27. 


28. 

29. 
36. 

31- 


Fo/j/m/c Il—igjO. 

Analysis of Delhi Road Trafiic Census, by R. L. Sondhi, I.S.B. 

A study of the Relationship between \'ehicnlar Trafiic and Road 
Surfaces as affecting the selection of an biconoiuio Road Surface, by 
H. P. .Sinha, I.S.E., and A. M. Abbasi. 

Traffic Census and Road Diagrams, bv Lientenanl-Colonal 
W. de H. Haig, IXS.O. 

Economics of Road Maintenance, by S. Bashiram, I.S.E. 

Necessity for Surface Treatment of Im]>ortnui Tourist lines and some 
aspects of Economical Work in that direction, bv V. S. Srinivasaragha 
Achariar Avl. 


Treatment ndth Molasses of the Bangalore-Mvsore Road, bv Diwan 
Bahadur N. N. Aj^angar, B.A., L.C.lv, M.I.E. ^India). I.S.E. ' 

The Road Problem in India with some Suggestions, bv Colonel G E 
Sopwith. 


General Review of the Results of Recent Road Experiments in India as 
revealed by Modem Practice, by K. G. Mitclicll, C.I.E.. I.S.E. 

Road Researcli and Results, by C. D. N. Mearc.s. 

(a) Roads in Rural Areas (Village Roads), bv Honorarv Captain Rao 
Bahadur Choudhry Lai Chand, O.B.E.. ]\r.L.A. 


(f>) Gravel Roads, by Diwan Bahadur N. N, Avvangar, B.A.. L.C..E 
M.I.E. (India), I.S.E. ' 

(c) Vitrified Bricks for Surfacing Roads in Deltaic Districts, bv 
G. Gopala Acharya. 

Oil as a Binder for Earth and Gravel Roads, by T. G. E. Hemsworth 
B.A., B.A.I., I.S.E. 


Cement-bound Roads, by W. J. Turnbull, B.Sc., M. Inst. C. E. - 

The Necessity for a Reasonably Uniform Standard Loading for Design 
of Concrete Bridges and a Sititable l^oading for Such and Other Tj-pes 
of Bridges on Highways in India, by M. G. Banerji, B.A., B.E. A M 
Inst. M. and Cy. E., M.A.E., F.Sc. 

Design of highway bridges. The necessitv for an All-India 
Spedfi^tion, by W. a. Radice, B.A., A.M.I.C.E.. G. Wilson. B.Sc. 

A. M.I.C.E. and P, P. S. Warren, B.A., A.:M.I,C.E. 

Permissible Stresses in Concrete Bridge Design, by W. J. Turnbull 

B. Sc., Inst. 0. E. ' 

Regulation and Control of Motor Transport in IMvsore bv 
H. Rangachar, M. A. ‘ . , uy 

The Constraction of the Shillong-Jaintiapur Road in the Khasi Hillc . 
Assam, by F. E. Cormack. I.S.E. ' 
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Volume III 1937- 

32. Some Notes on the layout of Rural and Suburban Roads in the Punjab, 
by R. Trevor-Jones, M.C., A.M. Inst. C.E. 

33. Roads and Public Health in India with special reference to malaria, 
borrow pits, and road dust, by Raja Ram, B.Sc., A.M. Inst. C.E., F.R. 
San. I., M.I.E. (India). 

34 Further Notes on treatment of Roads with Bitumen and Tar in Delhi 
Province, by A. W. H. Dean, M.C., I.S.E. 

35. Economy and Developments of Bonded Brick Concrete Roads, Plain 
and Reinforced, by A. K. Datta, B.E., M.I.E. (India)/ AI.A.E. 

36. Wa5's and Means of Improving the Bullock-Cart, by G. D* W. Moss. 

37. Indian "Road-Aggregates”, Their Uses and Testing, by R. L. Sondhi, 
I.S.E. 

38. Submersible Bridge across Parbati River at Mile 231, Agra-Bombay 
Road, by Rai Babadur S. N. Ehaduri, B.A., C.E., M.I.E. (India). 

39. Optimum Weight of Vehicles on extra municipal Roads, by K. G. 
Mtchell, C.I.E., I.S.E. 


Volume IV— 1938. 


A. (1) A Method of Calculating the Stability of Braced Pile Piers, by 

Guthlac Wilson, B.Sc., A.M.I.C.E., A.M. Am. Soc. C.E. 

(») The Dhakuria Lake Bridge, by Guthlac Wilson, B.Sc., A.M.I.C.E., 
A.M.I.C.E., M.I.E. (India). 

B. Franki Pile Foundation for Road Bridges, by W. A. Radice, B.A., 
A.M.I.'C.E'.. 

C. Reinforced Cement Concrete Bridges of 24 feet span constructed in 
Gwalior State, by Rai Bahadur S. N. Bhaduri, B.A., C.E., M.I.E. 
(India). 

D. Reinforced Concrete Bridge across the Godavari River at Shahgadh 
in Hyderabad State, by Dildar Hosain, B.E., M.I.E. (ludia). 

E. Safe Wheel Loads for Indian Roads, by K. G. Mitchell, C.I.E., I.S.E., 
and Jagdish Prasad, C. E. 

F. Roads under Local Bodies and how to Maintain them, by Rai Sahib 
Fateh Chand. 

G. Corrugations on Road Surfaces, by G. B. E. Truscott. 

H. An Aspect of Traffic Statistics, by Ian. A. T. Shawtinn, 
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Volume V—ig3p. 

I. Some Notes on Submersible Bridges, by D. Nilsson, B.Sc., M.I. Struct E. 

J. Design of Reinforced Concrete Bridges of Short Spans for Indian 
Roads, b}*^ Brij Mohan Eal, I.S.E. 

K. (i) Collection of Material for and Consolidation of Water-bound Macadam, 

by R. Trevor-Jones, M.C,, M.Inst. C.E., I.S.E. 

(it) Layout of Roads, by R. Trevor Jones, M.C., M. Inst. C.E., I.S.E. 

L> Some Aspects of Bituminous Road Construction in India, by 
Colonel G. E. Sopwith, M,C., and W. A. Griffiths. 

M. Ribbon Development, by A. S. TroUip. 

N. Soils in Relation to Roads, A Bibliological Study, by G. W. D. Breadon. 

O. The Use of Soil Stabilization in Un-metalled and Metalled Roads in 
India, by Sita Ram Mehra, Assoc. M. Inst. C.E. 

P. Revitalization of Tarred or Bitumened Surfaces by Mix-in-Place 
Methods using Cut-Back Asphalt, by Captain R. C. Graham, R. E. 

Q. Surface Treatment of Concrete Roads when Outworn,' by W. A. Radice, 

V. D., B.A. (Cantab), A.M., Inst. C.E., M. Inst. I.E. 

R. A Serious Failure in the Painting of a Steel Highway Bridge, by 

W. L. MurreU, B,C.E., (Melb.), A.M. Inst. C. E. 
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APPENDIX Vni 


List of Members 
{ Corrected upto* 1 . 10.1939 ) 


Date of 
election. 

ORDINARY MSMBERS. 

Name. Address. 

6.1.1938 

Abdul Hat 

Assistant Engineer, Asifabad, 

Hyderabad (Deccan). 

351936 

Acharya, G, Gopala 

P. A. to Superintending Engineer, 
Papanasam Hydro Thermal Elec- 
tric Scheme, Old High Court 
Buildings, Madras. 

7.12.1936 

Adalja, M. T. 

Chief Engineer of Baroda State, 
Anand Bvmgalow, Jail Road, 
Baroda. 

22.11.1937 

Adke, A. S. 

Engineer, District Local Board, 
Dharwar. 

26.5.1937 

Adshetti, G. K. 

6, Kotak House, Maharashtra Road, 
Karachi. 


3.3-1936 

Ahmed, Khairaddin 

Executive Engineer, P. W. D., 
Hyderabad (Deccan). 

27.10.1936 

/ 

Ahsan Yar Jung 
Bahadur, Nawab 

Chief Engineer and Secretary to 
Government P.W.D,, Hyderabad 
(Deccan). 

5.12.1938 

Ajwani, H. J. 

Asastant Enginjeer, Khairpur 
Mils’, Sind. 

11.7.1939 

Akhtar, S. E. 

Assistant Engineer, Ranchi. 

10.7.1936 

Ali Ahmed 

Superintending Engmeer, P. W. D., 
Shillong. 

6.1.1938 

Ali, Mirza Mehdi 

District Water Works, Hanamkunda 
(Nizam’s Dominions). 

3.2.1939 

Amir, S. A. 

Executive Engineer, Hazaiibagh 
Division, Hazaribagh, (Bihar). 

6.1.1938 

AnwaruUah 

Superintending Engineer, Osmania 
University Buildings Project, 
Hyderabad (Deccan). 

3.3.1936 

Arifuddin, Syed 

Principal, Osmania Engineering 
College, Hyderabad (Deccan). 
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Date of Name. 

Election. 

5.1.1938 AssuduUah, Mohammed 


3.3-1936 


Ayyangar, 

Diwan Baliadur N. N. 


3.3.1936 

Duraiswamy 

28.9.1936 Ayj-angar. M. S. 
Duraiswami 

3.3.1936 A3ryar, Rao Sahib 
N. Balakrishnan 

3.3.1936 Ayyar, A. Nageswara 


Address. 

Dh’isional Engineer, H. E. H. 
Nizam’s Dominions, Bhir. 

Chief Engineer of Mysore, P. W. D 
Bangalore. 

Municipal Engineer, Tanjore. 


Chief Engineer, Travancpre State 
Trivandrum. 

District Board Engineer, 
Tinnevelly. 

Special Engineer for Road 
Development, Madras. 


0.3.1036 Ayyar, "K. Rangaswamy State Engineer, Pudukotah, 

(Trichinopoly). 

3.3.1935 Ayyar, K. Tirumalaiswami District Board Engineer, Saidapet 

24.2.1937 Bagchi, C. C. Civil Engineer incharge of Buildings 

and Roads, Lucknow University, 
Lucknow. 


■ ' 6.X.1937 Bakslii, J. 

13.12.1938 Balakrishnay5*a, P. 

1.1.1938 Bamji, H. E. 


■ 3,’3.I936 ‘ Banerjee, M. G. 

10.9.1936 Banerji, S, K. 

. •3.3.1936 Banerji, Rai Sahib 
Tulsidas 

10.1.1939 Bapat, R. S. 

15.6.1939 Bansor, H. S. • 

8.9.1937 Barua, H. P. 

. 5.11.1936 Barua, K. 


Executive Engineer, Bhagatpur. ' 
District Board Engineer, Cuddapah. 

Chief Electrical and Mechanical 
Engineer, Dawn Hills, Ferguson 
Road, Bombay 17. 

Controller of Stores, Calcutta 
Corporation, 149, Lower Circular 
Road, Calcutta. 

Assistant Engineer, Rewa, 

(Central India). 

Assistant Garrison Engineer,. 
Jubbulpore. 

State Engineer, Phaltan State, 
District Satara. 

Sub-Divisional Officer, Military 
Engineer Services, Ghangora, 
Dehra Dun, (United Provinces). 

Executive Engineer, P.W.D., Silchar 
(Assam). 

Assistant Engineer, P. W. D., 
Baipeta. ' 
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Date of 
election. 


Name. 


3.3.1936 Basbirani, S. 


5.3*1938 Basu, H. L. 

4.3.1939 Bazaz, Sham T^al 

3.3.1936 Bedekar, K. 

3.3.1936 Bedekar, V, P. 

31.3.1939 Behcra, S, S. 


23.3.1937 Bennct, C. M. 

3.3.1936 Bhaduri, Rai Bahadur 
S, N. 

17.1.1938 Bhagat, D. G. 

22.6.1936 Bhalla, Pxcm Nath 

3.3.1936 Bhandarkar, G, P., 

M. B. E. 

23.1z.1937 Bhargava, K. N. 

18.8.1936 Bharucha, M. D. 


3.4.1939 Bhate, K. G. 

3.3.1936 Bhatnagar, Jagmolian 
Eal 

3 . 3 *i 937 Bhatt, Upcndra J. 

28.3.1938 Bhattacharya, H. 


3.12.1937 Bhattacharya, N. 

3.3.1936 Bhave, Rao Sahcb V. G. 


Address. 

Superintending Engineer, Roads, 
and Secretary, Communications 
Board, Punjab, Eahore. 

District Engineer, Balasore. 

Assistant Quantity Surver’or, Central 
Public Works Department, 

New Dellii. 

Executive Engineer, P. W. D., 
Karwar. 

Slate Engineer, !Miraj Senior 
(Deccan State). 

Slate Engineer, Gangpur State, P. 0 . 
Sundargarh, Via Jliarsuguda 
(B.N. Ry.). 

Executive Engineer, P. W. D., 
Koraput Division, Koraput (Orissa). 

Chief Engineer, P. W. D., Gwalior. 

Assistant Engineer, C'o Special Road 
Engineer in Sind, Karachi. 

District Engineer, Holkar State, 

P. W. D,, Garoth, 

Cliief Engineer, Holkar State, Indore 

Assistant Engineer, Roads, Alwar. 

C/o the All-India Construction Com- 
pany Limited, Wittet Road, Ballard 
Estate, Bombay. 

Assistant Engineer, P. W. D., 
Godbra. 

State Engineer, Jhalawar State, 
Brijnagar, (Rajputana). 

State Engineer, Bhavnagar State. 

Assistant Engineer, Department of 
Conunuuications and Works, 
Khuhia. 

Executive Engineer, (B. & R.), Jaipur, 
State Engineer, Sangli. 
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Date of 
election. 

Name. 

21.2.193S 

Bhuyan, ^I. N. 

24.10.1936 

Bisliamber Dyal 

27 -I-I 937 

Bisht, M. S. 

4 - 3 -I 939 

Biswas, N. N. 

20.12.1937 

Blomfield, D, J. 

23.9-1937 

Bose, A. N. 

12.4.1938 

Bose, K. M. 

3.3.1936 

Breadon, G. W. D. 

12.6.1936 

Brown, G. A. M. 

6,4.1936 

Browne, C. A. 

3 . 3 -I 936 

Budhiraja, Balwant 
Singh 

3.3.1936 

Bullen, E, G. 

3.3.1939 

Campbell-Gray, T. 

20.1.1937 

Chadda, Ulfat Rai 

3.3.1936 

Chakravarti, S. N., 
M. B. E. 

10.3.1939 

Chakravarti, S. N. 

7.3.1939 

Chambers, J. 

17.3.1938. 

Champalal 


Address. 

Executive Engineer, Northern 
Division, Cuttack. 

District Engineei, Rohtak. 

Executive Engineer, P. W. D., 
Allahabad. 

State Engineer, Jashpur State, 
Eastern States Agency, via Ranclii. 

Cliief Engineer, Communications and 
Works Department, Calcutta. 

Suirerintending Engineer, Presidency 
Circle, 8, Lyons Range, Calcutta. 

District Engineer, Sambalpur. 

District Engineer, Gurdaspur 
(Punjab). 

Superintending Engineer, Northern 
Circle, P. W D., Peshawar. 

Executive Engineer, ^fotihari Divi- 
sion, Slotihaii, Bihar. 

State Engineer, Nabha. 

Officiating Executive Engineer, 
Southern Shan States, Taunggsn, 
Burma. 

Shalimar Tar Products Limited, P. 0 . 
Box 391, Madras, 

Military Engineer Services. 
Nowshera Cantt. 

Municipal Engineer, Delhi. 


Municipal Engineer, Dacca, P. O. 
Bagra. 

Superintending Engineer, Communi- 
cations and Works, Oakdene, 
Darjeeling. 

Executive Engineer, Montgomery 
Provincial Division, Montgomery. 



Ill 


Date of 
election. 

14.3.1936 

Name. 

Chance, P. V. 

4-3.1939 

Chatterjee, G. C. 

14.4.X936 

Chatterjee, S. C. 

3.3.1936 

Chatterton, K. 

4.3.1937 

Chaudhry, Abid Raza 

7.8.1936 

Chaudhry, Bidhubhushan 

7.1.1938 

Chenoy, Faridon S. 

3.3.1936 

7.6.1938 

Clierian, M. P. 

Chinchankar, K. B. 

14.8.1939 

Choksi, B, K. 

9.6.1936 

Chopra, A. N. 

2.6.1938 

Chopra, P, C. . 

20.1.1937 

Chowdhry, S. P, 

4.3.1939 

Chowdhry, Ram Narain 

20.5.1936 

Clayton, Major R. 

3.12.1938 

10.7,1936 

Cochrane, G. A. D. 

Cocksedge, H. G. 


Address. 

Chief Engineer, P. W. D., Central 
Provinces and Berar, Nagpur. 

State Engineer, Udaipur State, P. O. 
Dharamjaygarh (B, N. Ry.). 

Officiating Superintending Engineer, 
Central Circle, Calcutta. 

Manager, Structural and Bridge 
Building Department, Bum & Co. 
lyimited, Calcutta. 

Assistant Engineer, P. W. D., North 
Sylliet Buildings Sub-Division, 
Sylhet (Assam). 

Assistant Engineer, P.W.D., Assam, 
P. O. Silcliar. 

Executive Engineer, His Exalted 
Highness the Nizam’s P. W. D„ 
Jehangir Bagh No. 12 ChUkalguda, 
Secunderabad. 

Municipal Engineer, Tuticorin. 

The New India Construction Com- 
pany, Karad (Satara). 

C o P. W. D., Chalisgaon, East 
Khandcsh. 

Superintending Engineer, P. W. 
D., 80, Budli Road. Rangoon Cantt. 
(Burma). 

Assistant Engineer. P. W. D., 
Wardha, (Central Provinces). 

Assistant Engineer, Tezpur, 

District Derranga (Assam). 

Assistant Engineer, Jodhpur P. W, 
D., Yellow House, Pali Marwar. 

Engineer-in-Chief’s Branch, Army 
Headquarters, Simla. 

Executive Engineer, Akola, (Berar). 

P. W. D., Dhubri, (Assam). 
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Date of 
election. 


Name. 


Address. 


3.3.1936 Colabawala, 

Klian Bahadur J. R. 

10.7.1936 Cormack, F. E. 

6.1.1938 Daftary, G. D. 

5.2.1938 Dalai, C. C. 

13-5 -1936 Dam, S. C. 

14.5.1938 Dangoria, Chandulal C. 

10.7.1936 Das, B. C. 

1.10.1938 Das, P. C. 


State Engineer, Khairpur Jlirs' 
(Sind). 

Superintending Engineer, Northern 
Circle, P. W. D., Shillong. 

Superintending Engineer, Northern 
Circle, Bombay P. W. D., Secret- 
ariat, Bombay. 

C/o The Imperial Bank of India 
lyimited, Hyderabad (Deccan). 

P. A. to the Chief Engineer, Bengal 
Communications and Works 
Department, Calcutta. 

Hughes Town, Murshidabad Road, 
Hyderabad (Deccan). 

Sub-Engineer, Local Board, Tezpur 
(Assam). 

Sub-Divisional Officer, P. W. D., 
Cuttack. 


22.1.1937 Das Gupta, J. N. 

6.2.1939 Das Gupta, J. N. 
3.3.1936 Das Gupta, N. 

3.3.1936 Datta, A. K. 

10.7.1936 Datta, D. C. 

10.7.1936 Datta, S. K. 

3.3.1936 Dave, D. P. 

27.4.1937 De, B.C. 


Assistant Engineer, 29, Nicholson 
Road, Delhi. 

27, Lansdowne Terrace, Calcutta. 

Asphalt Engineer, Standard Vacuum 
Oil Company, Calcutta. 

Consulting Engineer, and plaster 
Builder, 5, Hastings Street, 
Calcutta. 

Assistant Engineer, Kohima, Naga 
Hills, Assam. 

Sub-Divisional Officer, South 
Shillong Sub-Division, Pynursla, 
Shillong. 

District Engineer, Akola. 

Assistant Engineer, P. W. D., P. O. 
Sylhet, Assam. 


' 15.1.1937 Dean, A. W. H. 


Superintending Engineer, Delhi 
Province, New DelM. 


7.8.1936 Desai, D. S. C/o Messrs. Braithwaite & Company 

(India), Limited, Hide Road, 
Calcutta. 
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Date of 
election. . 

Name. 

Address. 

^ 3 - 3 -I 936 

Devasthala, K. B. 

District Engineer, District Council, 
Yeotmal, Central Provinces, 

3 - 3 -I 936 

Devi Dayal 

Executive Engineer, P, W. D., 
Dibrugarh, (Assam). 

20,6.1939 

Dhamani, Pessumal 
Nartunal 

Assistant Engineer, Seepage Sub- 
Division and P. A. to the State 
Engineer, KJiairpur Mirs', Sind, 

25.1.1939 

Dhanrajan, S, H. 

Municipal Engineer, Coimbatore 
(Madras). 

29 - 3 -I 937 

Dhesi, Dilbagb Singh 

State Engineer, Sangrur (Jind State) 

6.1.1937 

Dighe, V. A. 

Chief Engineer, Janjira State, 
Janjira Murud. 

18.12.1937 

Dildar Hosain 

Assistant Chief Engineer, H.E.H. 
the Nizam's P. W. D., Hyderabad ' 
(Deccan). 

1.10.1939 

Divatia, S. S. 

Executive Engineer, P. W. D,, Kaira. 

26.5.1938 

Doslii, A.G. 

Chenkaladi, Ceylon. 

16.2.1937 

Doshi, M. M. 

C/o The Indian Hume Pipe, 
Lucknow. 

1.12.1937 

Dunbar, H. M 

C/o The Concicte Association of 
India, Forbes Buildings, Homre 
Street, Bombay. 

3.12.1937 

Durrani, N. 

District Board Engineer, Bellay 
(Madras), 

24.9.1936 

Dutla, G. N. 

Sub-Divisional Officer, P. W. D,, 
Lallan, Shillong. 

18.8.1936 

Eccleston, W. T 

Executive Engineer, 4, Civil Lines, 
Rawalpindi. 

4.1.1939 

Edgar, S, G. 

Superintending Engineer and 

P. W. D., Minister, Government 
of Jodhpur, Jodhpur. 

29,10.1936 

Edibam, N. R. 

1^57/35. Aurangabad Road, 

Benares. 

3 . 3 -I 936 

Edwin, J. W. 

Executive Engineer, C, and M. 
Station Municipality, Bangalore. 

3.3.1936 

Endlaw, D. N. 

Sub-Divisional Officer, Central 


P. W. D., Queens Road, Bombay. 
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3.3.1036 

Uni S.ilsi!> 

I'tt.'.in Ch.ui.l 
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Kf.ftV'T S rvivv-. Civil Line.*:, 

3 - 3 -293^^ 

G!:o.e. S. 3 C. 

• U’.iit r. 1 *. V.'. ll„ 

^.$.1036 

Gilbert. L. U 

Chirf lirtvj.'-.wr. i'i:b!ic Work; 
I».-p.i:£i;a*:.l, Hiiiliii::"’. r.tf] ilo.li!': 
Uv.iis:h, l.vi.’kiitov. 

16.4. 1037 

GUmorc. I- . I-. G 

IikfCU'r. Itaiii-’vTi.il lit'enrcls Ilurc.nti 
In'H.na S‘.o;.- iC-j’nrtrifcr.t, New 
Delhi. 

8.3,193$ 

CnnnnpnrnlMrnin, 3 s, T. 

L. r. A‘'itant Hn.iinf'*:. ilt*v,.i’Jn 

3 - 3 -TW 6 

Cojhnri, i>, W. 

Reiirc'l Slate l',:i'’;!,’:cer. Biinv.nngnr. 

3 . 3 -^ 93 & 

Golwnh, r. F. 

Civil Ktinir.s'or. C. o Clitc-t Hr.r.ircer. 
Bonib'.y Terr Tru-t, BnllnrJ Instate, 


l^ort Bonibnv 
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Date of 
election. 

Name. 

15.2.1937 

Gopal Das 

29.1.1938 

Gopalan, M. 

7.2.193S 

Goswami; S. M. 

3.3.1936 

Gough, D. E. 


Address. 

Sub-Divisional Officer, P. W. D., 
Robtak. 

.Special Superintending Engineer, 
Capital Works Circle, EZachiguda, 
Hyderabad (Deccan). 

Assistant Inspector of Local Works, 
P. O. Hotihari, Champaran. 

Representative of the Society of Motor 
Manufactures and Traders Limited, 
41, Nicol Road, Ballard Estate, 
Bombay. 


23.12.1937 Graham, Captain R. C. 96. Piccadilly, London, S. W. I. 


3.3.1936 Griffiths, W. A. 
3.3.1936 Gue, Rai Sahib K. C. 


Burmih-Shell Oil Company, Limited, 
Madras. 

District Engineer, Jalpaiguri, Bengal. 


3.3.1936 Gus,T. C. 

26.6.1936 Guha, J. C. 

24.9.1936 Gupta, Rai Bahadur J. N. 
5.4.1939 Gupta, Kanchanendu 

3.3.1936 Gupta, M. C. 

Gupta, S. M. 

20.4,1939 Gupta, T. N. 

12.6.1937 Guru, Raraamurty 

Pantulu 

20.9.1937 Guruswami, S. 


Chief Engineer, Rewa State. 

Executive Engineer, Suburban 
Division, Calcutta. 

Executive Engineer, Golaghat Divi- 
sion, Jarhat (Assam). 

District Engineer, Chaibasa, 
Siugbbhum. 

Municipal Engineer, 38, Thornhill 
Road, Allahabad. 

Assistant Engineer, P. W. D., 

Pegu, Burma. 

C/o Mr. M. C. Gupta, M.I.E., Munici- 
pal Engineer, Allahabad (United 
Provinces). 

Public Works Supervisor, 
Vizagapatam Muuicipality, 
Vizagapatam. 

Assistant Inspector of Local Works, 
Muzaffarpur. 



' Naiuc. 


Address, 


Date of 
election. 

23.5.1936 Haig, Lt. Col. W. de H., 

D.S.O. 

3.3.1936 Hain,-H. W. T. 

12.2.1937 Hainsworlh, [Major J. R. 

23.5.1937 Hall, Captain G. F., 
C.I.E., M.C, 

3.3.1936 riardikar, J. C. 

3.3.1936 Hardit Singh 

3.3.1936 Hari Chand, Rai Saliib 

24.6.1937 Harris, II. A 

4.12.1937 Harris, J. 

3.3.1936 Harrison, C. P. M. 

4.3.1937 Hasany, M. U. ‘ 

3.3.1936 Haval, Anant Balwanl 

8.12.1937 Hewitt, R. C. L. 
9.1.1939 Hoey, G. Me. C. 

1.6.1937 Hodgson, E. S. 

I 3 - 3 -I 936 Hoghshaw, F. H. 

3.3.1936 Hughes, H. 

3.3.1936 Ishtiaq Ali 


Chief Engineer (retired), P. W. D., 
Buildings and Roads Branch, 
Lucknow. 

Managing Director, Braithwaite & Co. 
(India) Limited, Hide Road, 
Kidderporc, Calcutta. 

Executive Engineer, Canals Division, 
Peshawar. 

Chief Engineer, P. W. D., Patna. 


Executive Engineer, P. W. D., 
Warangal (N.S. Railway). , 

Sub-Divisional Officer, P. W. D., 
Peshawar. 

Concrete Association of India, 70, 
Queens way,. New Delhi. 

Executive Engineer, Provincial 
Division, Lahore. 

District Board Engineer, Saharanpur. 

Chief Engineer, Department of Com- 
munications I't Works, Calcutta. 

State Engineer, Tonk State, Tonk 
(Rajputana). 

llaka Panchayat Engineer, Shuklira- 
war Peth, Kolhapur. 

Superintending Engineer, Orissa 

Circle, Cuttack. 

State Engineer, Jaipur State, 

(Rajputana). 

Broadway Buildings, Westminster, 
London. 

Superintending Engineer, P. W. D., 
Central Circle, Calcutta. 

Chief Engineer, Burma P. W. D., 
Rangoon. 

Assistant Municipal Engineer, Delhi. 
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Date of 
election. 

Name. 

3.3.1936 

Iyengar, K. 

Narasimha 

20.8.1936 

Iyer, C. S. 

Venkatasubrahamanya 

9.12.1938 

Iyer, E. V. S. 

11,10.1937 

Ij’er, M. K. Narasimha 

3.3.1936 

Iyer, T, R. Ramaswamy 

3.3.1936 

Jagdish Prasad 

r6.l1.i938 

Jagmohan 

3.3.1936 

Jardine, A. 

16.2.1938 

Jayswal, Rai Bahadur 
U. S. 

3.3.1936 

Jivrajani, M. R. 

22.4.1937 

Jivrajni, P. R. 

22.4.1938 

Joglekar, G. D. 

16.6,1938 

Jones, F. T., 

C.I.E., M.V.O. 

12.1.1939 

Joctla. B. S. 

3.3.1936 

Joshi, Rao Sahib 

N.S. 

3.2.1939 

Joshi, Sitaram 
Balkrishna. 

3.3.1936 

Joti Prasad 

3.3.1936 

Jussawala, J. R. 

3.3.1936 

Eanhere, V. P. 


Address. 

Assistant Engineer, 1243, Weaver’s 
line, Mysore 

District Board Engineer. Ktimool. 


Assistant Engineer, P. W. D., P. 0 . 
Rayaguda, (N. S. Ry.) 

Executive Engineer, Arj'anapur, 
Sliimoga District. 

District Board Engineer, 
Tiruvanamalai, (Madras). 

Assistant to the Consulting Engineer 
to tlie Government of InSa (Roads). 
New Dellii. . 

Executive Engineer, 198, Tucker Road 
Agra. 

Director, Jessop & Company Limited, 
93, Clive Street, Culcutta, 

District Engineer, Muzaffarpur. 


State Engineer, Porbander. 

Assistant Engineer, Kliairpur Mirs', 
Sind. 

Supervisor, District Local Board, 
Thana, (Bombay). 

Chief Engineer, Central P. W. D., 
Sirala/New Delhi. 

Sub-Divisional Officer, P. W. D , 
Sambalpur, (Orissa). 

Assistant Engineer, 877, Sadashiv Peth, 
Poona. 

Engineer and Contractor. Exammer 
Press Building, Dalai Street, 

Fort, Bombay. 

District Engineer, Narsinghpur, (C. I.). 
State Engineer, Cambay State. 

State Engineer, Bhor State. 
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Date of 
election. 

Name. 

1.10.39 

Katarmal, C.L. 

3 - 3 -I 936 

Katkoria, C. R. 

16.12.1937 

Katrak, M. M. 

3 - 3 -I 936 

Keatinge, H. A. 

3.3-1936 

Kelly. R. J. 

23.12.1937 

Kerr, J. Oldfield 

1.6.1936 

Kerr, R. A. 

5 . 1 -1939 

Khan, Abdul Jabbar 

5.1.1938 

Khan, Muhamed Abdul 
Khaj'j'um 

15.6.1939 

Klian, G. H. 

16.1.1939 

Khan, M. 1 . 

12.1.1938 

Klian, N. M. 

15.8.1939 

Khan, M, A. Subhan 

3.3.1936 

Khanna, I. N. 

3.3.1936 

Khanna, Prem Natli 

3.3.1936 

Kliatri, K. C. 

19.9.1936 

Kidar Nath, Rai Sahib 

20.11.1936 

Kikkeri, S. A. 

17.6.1938 

Kirk, E. S. - 


Address. 

State Engineer, Orchlia State, 
Tikamgarh, (C.I.), 

State Engineer, Cutch State, Bhuj. 

153# Sappers I.ines, Secunderabad. 

Executive Engineer, Rajshalii, 

Bengal. 

Assistant Engineer Officer, Civil 
Aviation Office, New Delhi. 

c/o The Bumiah-Shell, P. O; Box 84, . 
Karachi. 

c'o The Burmah Oil Company, 
Limited, Rangoon. 

Executive Engineer, Roads, P. W. D., 
Rampur State. 

Divisional Engineer, Kareemnagar, 
H.E.H. the Nizam’s Dominions. 

Khan Manzil, Aerodrome Road, 
Srinagar (Kashmir). 

Executive Enpnecr, Orissa P. W. D., 
Gan jam Division, Berhampore. 

Di\dsional Engineer, Nirmal Division, 
Hyderabad (Deccan). 

Assistant Engineer, P. W. D., Hydro- 
electric Survey Party, Drainage 
Secretariat, Hyderabad (Deccan). 

Asphalt Road Engineer, Standard 
Vacuum Oil Co. &igineer’s House, 
Chhipiwara, Delhi. 

District Board Engineer, Muttra. 

Sub-Divisional Officer, P. W. D., 
Abbottabad 

Executive Engineer, P. W. D., Build- 
ings and Roads Branch, Jidlundur 
Cantonment. 

Shalimar Tar Products (1935) Limited, 
2/29, jMount Road, Madras. 

C/o Braithwaite Bum k Jessop 
Constmetion Company, Calcutta. 



Date of 
election. 


Name.- 
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Address. 


3,3,1936 Komi, Dr. M. A. 

1.12.1936 Knute, Vaman J. 

13.1.1937 Kurian, J. 

13.3.1937 Kutty-Kiislman, O. C. 
3.3.1936 Kynnersley, T. R. S. 

1.XO.X938 Lakshman Swamp 

26.5.1937 Dakshminarasimhaiya, 
3.3.X936 Dal, Brij Mohan 

3-3'I936 Dang-Anderson, Major 
W. G. 

9.X.1937 Lawson. A. Bums 

2g.8.X936 Lawley, W. 

3.3.X936 Lekh Raj 
25 - 3 -I 937 Lloyd, M. E. 

6.1.1938 Lokendra Bahadur 

3.3.1936 Mackenzie, R. H. T. 

3 - 3 'I 936 Madhav, S. K. 

13,6.1936 M^bir Prasjad 


aiicf Engineer, Reinforced Concrete 
Department, Bird & Co. Limited, 
P. 0 . Box No. 26.f, Calcutta. 

Slate Engineer, Jamkhandi. 

Engineer to the Corporation of Madras, 
' Ripposa Buildings, Park Town, 
Madras. 

Roads Engineer, The Standard 
Vacuum Oil Co., Thamiclietty 
Street, Madras. 

The Associated Cement Companies 
Limited, Forbc-s Buildings, Home 
Street, Bombay. 

Assistant Engineer, P. W. D., 
Moradabad. 

. Executive Engineer, Bangalore. 

Executive Engineer, 52, Jail Road, 
Lahore. 

Superintending Engineer, P. W, D„ 
Baunu. 

The Hindustan Constraclion Com- 
pany Limited, Ballard Estate, 
Bombay. 

Executive Engineer, P.W. D., Bannu. 

Civil Engineer, Kapurtbala Stale. 

Asphalt Engineer, Standard Vacuum 
Oil Co., 6, Church Lane, Calcutta. 

Executive Engineer, P. W. D.. 
Raichur. 

Chief Engineer. Bikaner State, 
Bikaner. 

Assistant Engineer, Indore City 
Municipality, Indore. 

Superintending Engineer, P. W. D„ 
Agra. 
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Date of 
election. 

Name. 

11.1,1939 

Mahapatra, M. 

6.1.1939 

Malhotra, Ajit Chand 

3 - 3 -I 936 

Malhotra, B. R. 

3 - 3 -I 936 

Malik, Sardar Bahadur 
T. S., C. I. E. 

3 - 3 ‘I 936 

Manohar Nath 

3-3.1936 

Mathew, P. G. 

8.4.1939 

Mathur, Kishore Lai 

18.3.1936 

^Iclntosh, R. 

3-3.1936 

JIcKclvic, G. 

1.5.1936 

Mearcs, C. D. N. 

30.3,1938 

Mehra, S. R. 

3.12.1938 

Mehta, Franiroz D. 

3.3.1936 

Mehta, Jagmohandas T. 

3-3.1936 

Mehta, Iqbal Narain 

22.9.1937 

Mehta, N. N. 

24.1.1939 

Menon, V, K. Aravinda- 
kasha 

24.2.1937 

Meswani, V. 1 \I. 

11.1.1939 

Mirza, SI, A, 


Address. 

Supervisor. P. W. D., Sunki, P, O. 
Poltangi, District Koraput. 

Chief Engineer and Sacretarj', P. W. 
D., Patiala. 

Executive Engineer, P, W. D., Dera 
Ismail IClian. 

Superintending Engineer, Central 
P. W. D.. New Delhi. 

100, Babar Poad, New Delhi. 

District Board Engineer, South Arcot, 
Cuddalorc N. 

Assistant Executive Engineer, 

P, W. D., Jodhpur, (Rajputana). 

Executive Engineer's Bungalow, 
Waltair, Vixagapatam District. 

Superintending Engineer, Aviation 
Circle, New Delhi. 

C/o Standard Vacuum Oil Co., 6, 
Church Lane, Calcutta. 

Officer on Sj)ccial Duty, Communica- 
tions Board, P. W. D., Secretariat, 
Lahore. 

Chartered Engineer, 63, Ferguson 
Road, Bombay 13. 

Torni Roads Supervisor, Vadva, 
(Bhavnagar State). 

Municipal Engineer, Jlultan. 

Central P. W. D., Beawar, 

(B. B. and C. I. Railway). 

Chief Engineer, Cochin Government, 
Trichur. 

Indian Hume Pipe Company, Con- 
• struction House,' Ballard Estate, 
Bpmbay. 

Assistant Engihecr,'P. W. D,, B. & R 
Branch, Cawnpore 
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Date of 
election. 

3 - 3 -X 936 


Name. 


Address. 


3.2.1939 

3 . 3 .X 935 

1.1.1937 

6.1.1938 

28.3.1939 

3.3.1936 


MtdieU, K. G., C. I. E. Consnltmg to tts Go, 


Mitra, Tinkara 
Modafc, N. V. 

Modi, A. K. 
Moiiammad Ibrahim 
Mohomed Usman 
Mookerjee, B, N. 


2.12.1937 

30.9.1936 

3.6.1935 


Mookeijee, R. N. 
Morgan, I, 
Moiris, A. E. C. 


3*3.1936 

29.1.1937 

3*3.1936 

21.2.1938 

7.1.1937 

4.3.1936 

9.6.1936 


Engineer P ixr 
Asifabad. Hyderabad (Deccan)' 

Assistant Engineer, P. w n 
Dmgsugnr, (Raichur Dist.'). ’ 

C o Martin and Comnanv ivd-. . 

Row, Calcutta. ^ Mission 

8/3, Ivoudon Street, Calcutta. 
ro3, Clive Street, Calcutta. 

Dinritcd, 


21.1.1939 

3.3.1936 


5.11.1936 Naidu, R. 

Gobindaswami 


UuA.y m ^^Pianaae, Madras. — 

2:':\\"“;---Bnginecr,c.i„,.,^. 

MP^eriecHai'Eabd 

’^MSSn^ifE’ '®'B™™ciaI Snb- 

Bibar 

Executive Engineer. Dharwar. 

Improvement Trust- 
Road. Fort, BoSSiy 

t 4 t 2 ,, Cnddapab, 


A. C. 

Mukerji, U. N. 
Mukherji, p. K. 

Murari Ral 

Murrell, W. E. 

Murti, N. V. S. 
Nadirshah, E. A. 
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Date of 
election. 

17.1.1938 

3-3-I936 

9.1.1939 
' 16.6.1939 


Name. 

Narabiar, K. K. 
Nanda, B. D. 

Nanda, K. L. 
Nangca, Ganpat Rai 


9.6.1936 Naqvi, M. H. 

3.3.1936 Narasimliam, J. S. 
ig.1.1938 Naraj'anamurty, B. 

23.11.1936 Narayanaswami, S. 

3.3.1936 Nat, Gopal Singh 

7.8.1936 Nath, Raj Mohan 

10.7.1936 Nayar, D. P. 

30.9.1936 Nayar, P. T. 
Narayana 

g.ii.1937 Naziruddin, K. 


Address. 

District Board Engineer, South 
Kanara, Mangalore. 

Divisional Engineer, Banihal Road 
Division, Udhampur. 

Divisional Engineer, Kashmir Division, 
Srinagar. 

Sub-Divisional Officer, Dhok Pathan 
Proon Sub-Division, P. W. D., 
(B. & R ), c o Postmaster, Pindigheb, 
District Attock. 

Executive Engineer, P. \V. D., Nizam- 
abad, Hyderabad (Deccan). 

3393. Kingsway, Secunderabad. 

h. E. Assistant Engineer, Gudivada, 
Kistna District. 

District Board Engineer, North Ram- 
nad, Tirupatluir. 

Civil Engineer, Canal Rest House, 
Jodhpur, P. O. Sarai Sidhu., District 
Multan. 

Assistant Engineer, P.W.D., Nowgong, 
(Assam). 

Executive Engineer, Provincial 
Division, Simla. 

Special District Board Engineer, Cali- 
cut, Malabar. 

Superintending Engineer, Orissa Circle, 
Cuttack. 


a.a.io^6 Newton, B. St. J. Officiating Superintending Engineer, 

Raipur, (Central Provinces). 

i 9 - 3 -i 93 ^ Nicolson, J. E. H. Chief Public Worlcs Officer, Federated 

Shan States, Taunggyi, Burma. 


5.8.1939 Nicolaides, E. P. Chief Designer, Messrs. J. C. Gammon 

Limited, Hamilton House, Bombay. 

3.3,1936 Nilsson, D. Chief Engineer and Director, J. C. 

Gammon, Limited, Hamilton House, 
Graliam Road, Ballard Estate, 
Bombay. 
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Date of Name. Address. 

Election. 

3.3.1936 Northey, Dt. Col. H. S. Superintending Engineer, P. W. D., 

P. O. Modigere, Kadur District. 

19.3.1936 Nougerede, C. E. de la Assistant Garrison Engineer, Shillong. 

3.3.1936 Oram, A. Chief Engineer and Secretary to the 

Government of N. W. F. P., P. W, D„ 
Peshawar. 

13.1.1937 Pancholi, D. B. State Engineer, Dhrangadhra State, 

Dhranga^ra. 

18.5.1939 Pancholy, H. M. Kundan Lai Buildings, Dharam Peth, 

Nagpur (C. P.). 

3.3.1936 Panje, Shanker Rao District Board Engineer, Anantapur. 

I 4 - 3 -I 936 Parikh, H. B. Special Road Engineer in Sind, (on 

leave), P. W.D., Karachi. 

10.1.1938 Parmara, S. A. P. Sen Road, Lucknow, 

23.11.1936 Patel, B. D. Special Road Engineer, Sind, P.W.D., 

Karachi. 

3.3.1936 Patel, M, R. Executive Engineer, Navsari (Baioda 

State). 

3.3.1936 Pearce, E. O. Departmental Manager, Engineering 

Department, Bird and Co., Chartered 
Bank Buildings, Calcutta. 

10.7.1936 Pennell, K. E. L. Chief Engineer and Secretary to the 

Government of Assam, P. W. D., 
Shillong. 

20.1.1937 Pillai, N. P. District Board Engineer, Negapatam. 

Sundaram 

28.3.1937 Plumley, D. J. State Engineer, Bastar State, 

Jagdalpur. 

16.5.1939 Prasad, A. P, Sub-Divisional Officer, P. W. D., 

P. 0 . Hazaribagh, (Bihar). 

3.1.1939 Puranik, R. G, Assistant Engineer, Jamkhandi State. 

25.3.1939 Puri, Dr. A. N. Physical Chemist, Punjab Irrigation 

Research Institute, Lahore. 

23.1.1939 Puri, B. S. Superintending Engineer, Central 

Aviation Division, Council House 
Street, Calcutta. 



12J 


Date of 
Election, 

Kamc. 

3.3.1936 

Raghava Acharya V. S. 
Srinivasa 

S-S-iOSCi 

Raghavacliary, IC. S. 

24. 11.1936 

Rajam, M. K. 

237-I936 

Raju, P. 

Vonkalaramana 

3-3-1936 

Rainamurli, K. S. 

10.C.1937 

Ramanujachaiya, S. 

I97-I937 

Raman u jam, M. 

3-3.I937 

Ramaswamy, II. 

4.1.1937 

Ranade, D. H. 

3-3-i93b 

Rangaswami, K. 

3.3.1936 

Rangaswami, V. N. 

3 3-1936 

Rangasv.’ami, V. S. 

9.7.1936 

Rangaswamv, Rao Saliib 
M.^A. 

3.3.1936 

Rao, A. Eakshmi- 
narayana 

4 2.1939 

Rao, B. Krishna 

' 3.5.1938 

Rao, C. Hanmantb 

3.3.1936 

Rao, G. Sheshagiri 


Address, 


District Board Engineer, Trichinopoly. 

Assistant to the Special Engineer, 
Road Development, iMadras, 

Executive Engineer, Buildings Divi- 
sion, Bangalore. 

Executive Engineer, P. W. D., 
Trichinopolj'. 

District Boaid Engineer, Vizagapatam 

Assistant Engineer, Public Works 
Department, Anantapur (Madras 
Presidency). 

Executive Engineer, Kadur Division, 
Cliikmagalur, Mysore. 

District Board linginccr, Bijapur, 
Bombay Presidency. 

C o Mr.-^srs. Ranade Brothers, Engi- 
neers .and Contractors, 653, Budlnvar 
Peth, Poona 2. 

State Engineer, Pudukkottai State, 
Pudukkottai. 

Road linginccr, Burraah-Shell Co, 
Madras. 

Assistant Engineer, District Board, 
West Tanjore. 

District Engineer, Dharbhanga, 


District Board Engineer (on leave) 
Prakasani Road, Tyagarajnagar, 
(^Madras). 

Executive Engineer, Well Sinking 
Department, Sholapur, District 
Gulbarga. 

Divisional Engineer, Parbhani. 

Executive Engineer, Krishnaraj 
Sagar, Mysore State, 



Address. 


Date of „ 

election. ^^me. 


30.8.1937 ■ Rao, H. R. Sayoji 

5.9.1936 Rao, E. Subba 

3.3.1936 jRao, N. Subba 

20.6.1938 Rao, Sridbar 


Assistant Engineer, District 
Kislna, MasuHpatam. 


Board, 


Munidpal Engineer, Guntur. 


D^trict Board Assistant Engineer 

Coimbatore ' 


X 9 -I 2 .I 938 Rao. V. Venkatappa 
3 3-1936 Ratnagar, R. D. 
21.xo.1936 Rau, D. Madbava 


As.sistant Engineer Ano-nto 


33.1936 Ray, G. P. 

30.7.1936 Rege, D. Y. 

3-3.1936 Rege, S. B. 
3-3-1936 Roberts, S. A. 

10.7.1936 Romesh Cbandra 
3-3.1936 Rowlands, W. H. 

6.1.1938 Roy, C. B. 
20.1.1939 Roy, j_^c. 

3.3-1936 Sadarangani, V. H 


15-6.1939 Saba, S. L. 

3 - 3.1936 Srbgal, Rai Sahib Sant 
Ram 

3 - 3-1936 Sahney, J.C. 




run. 


^ Vacuum Oil Company 

Executive Engineer. Terpur, (Assam). 

Executive Engineer. Chindwara, 

State Engiueer.P.W.D.. Cooeh.Beiar. 

Professor of Civil -r • 

S^et.“' ^-Sineeri^!*^'^; 

"Udafp”ur"’“"™«“‘=. ■■■ 

Efltneer. P.Wd ' ' t . 
Gorakhpur. (United Provin;®). 



Name. 
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Address. 


Date of 
election. 

3.3-1936 


Sakscna, C. F. 


3.3.1936 Sanjana, N. P. 


5.1.1937 Sankaram, G. B. 

30.9.1936 Sarabhoja, N. 

22.2.1937 Sarkar, R. K, 
10.11.1936 Satyanara5’ana, B. 

3.3.1936 Scaldwell, R. W. 
18.3.1936 Scott, G. E. 

13.1.1939 Sckharan, T, 

16.1.1939 Sen, A. K. 

15.11.19 33 Sea Gupta, B. C. 

23.1.1939 Senapaty, G. N. 


Assistant Engineer, P. W. D,, Rewa 
State, Sidlii', (B.N.Ry,). 

Engineering Assistant, Chief Engi- 
neer’s Office, Bombaj' Port Trust, 
Ballard Estate, Fort, Bombay. 

ly. F. Assistant Engineer, Gudivada, 
Kistna District (Madras Presidency). 

Superintending Engineer, Irrigation 
Circle, (K. R, S. Works), Bangalore. 

Municipal Engineer, (Retired) 
Lucknow. 

District Board Engineer, Rajahmun- 
dry, East Goclavary. 

Superintending Engineer, Mysore 
Circle, Bangalore. 

Superintending Engineer, Promc 
Court, Rangoon. 

District Engineer, District Board, 
JIadura. 

Road Engineer, Tripura State, P. O. 
Agartala. 

District Engineer, Rangpur. 

Sub-Divisional Officer, P. W. D., 
Kcndupatna Sub-Division, P. O. 
Kendupatna, District Cuttack. 


3 . 3 .X 936 

Shab, V. J. 

Engineer to Khan Bahadur M. A. K., 
Mackawee, 0 . B. E., Government 
Contractor, Maidan Road, Camp 
Aden, Arabia. 

29.9.1936 

Shahani, C, M. 

C/o Braithwaite Burn and Jessop 
Construction Co., iMercantile 
Building, Ball Bazar, Calcutta. 

3.3-1936 

Shannon, Ian. A. T. 

Burma-Shell Co., Hongkong House, 
P.O. Box 360, Calcutta. 

3.3.1936 

Shareef, Safdar Ali 

Estate Engineer, Nawab Salar Jung 
Bahadur, Dewan Dewdi, 
Hyderabad State. 
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Date of 
dection. 

Name. 

3 - 3 -I 936 

Sharma, 

Hari Shankar 

4.8.1936 

Sharma S. S. 

3 . 3 -I 936 

Shenoy, B. 
Narasimha 

1.10.1939 

Shets, Diwan 
Bahadur V. G. 

I 3 - 3 -X 936 

Shivdasani, K. J. 

5.12.1938 

Sinha, A. K. 

1.7.1939 

Sinha, B. 

27.11.1936 

Sinha. H. P. 

22.3.1937 

Sirajuddin, P. 

3.2.1939 

Siri Ram 

3.3.1936 

Smith, Lt. Col. 
H.C., O.B.E. 

25.7.1938 

Sohan Lai 

3.3.1936 

Sondhi, R. L. 

3.3.1936 

Sopwith, Colonel 

3.3.1936 

Sowani, D. G. 

3.3.1936 

Sri Narain, Rai 
Bahadur 


3 . 3 -I 936 Srinivasachari, M. A. 
3.3.1936 Srinivasamt^i. K. V. 


Address. 

District Board Engineer, Meerut. 

District Engineer, Alraora. 

District Board Engineer, Calicut, 
Malabar District. 

322/2, Sadasliiva Petli, Poona. 

Chief Officer and Engineer, District 
Local Board, Larkana, (Sind). 

District Engineer, District Board, 
Cuttack. 

Assistant Engineer, P. W. D,, Purulia, 
(Bihar). 

Executive Engineer, Central P. W. D., 
New Delhi. 

District Board Engineer, Cuddapah, 
(Madras). 

Chartered Engineer, 10, The Mall, 
Lahore. , 

General Secretary, Indian Roads and 
Transport Development Association, 
41, Nicol Road, Ballard Estate, 
Bombay. 

Assistant Engineer, P. W. D., Balasore, 
(B. N. Ry.). 

Executive Engineer, Ambala. 

C 0 Messrs. Tumor Morrison and Co. 
Limited, 6, Lyons Range. Calcutta. 

Civil and Hydrauladi, Tardeo Rama 
Nivas, Chilklialwadi Tardio Road 
Bombay No. 7. 

Executive Engineer, Lucknow. 


Retired Superintending Engineer, 80, 
Budh Temple Road, Basavangudi, 
Bangalore City. 

Assistant Engineer, No. i Sub-Division, 
P. W. p., Mysore. 
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Date ot Kame. 

election. 

8.11.1937 Srinivasan, K. 

2 2.1936 Srivastava, Madho 
Prasad 

10.12.1937 Stanier, T. W. 

3.1.1939 Stein, J. A. 

2 3.1936 Stevens, Lt-Col. A. E. 

4.5.1936 Stuart Captain James 

3.2.1937 Stuart-Eewis, Allan 

3.3.1936 Stubbs, S. G., O. B. E. 

3.3.1936 Subrahmanyam, 
Ramacliandra 

3.3.1936 Sujan, S. B. 

9.3.1937 Sukhatankar, V. M. 

13.5.1936 Sundaresan, T. V. 

3.3.1936 Sunder Lai, Rai Bahadur 

3.3.1936 Surati, H. M. 

23.1.1939 Tandy-Green, C. W. 

14.3.1936 Todd, J. M. 

3.3.1936 Tonks, H. J. 

23.3.1936 Trevof-Jones, R., M. C. 


Address. 

L- E. Special Assistant Engineer, 
Narasapatam. 

District Board Engineer, Lucknow, 

C o Aveling-Barford, Limited, 
Grantham, England. 

Special Officer, Road Fund Works, 
Bengal, Calcutta. 

Commanding Royal Engineer, Meetut 
District Headquarters, Dehra Dun. 

Executive j'.ngineer, P.W.D., Bannu. 

C'o Concrete Association of India, 

12, Mission Raw, Calcutta. 

Clifdon, P. O. Raison, Kulu, District 
Kangra. 

Executive Engineer, Madura Munici. 
pality, Madura. 

District Engineer, Concrete Associa- 
tion of India, Queens Road, Karachi. 

District Engineer, District Local 
Board, Belgaum. 

Chartered Civil Engineer, New 
Colonj^ Nagpur. 

Superintending Engineer, P. W. D., 
Nagpur. 

Assistant En^eer, Vallabhdas 
Estate, Public Garden Road, 
Hyderabad (Deccan). 

Chief Engineer, Bengal Communica- 
tions and Works Department, 
Calcutta. 

Executive Engineer, P. W. D., 
Secretariat (B. & R.), Prome Court, 
Burma. 

Executive Engineer, Rangoon Cor- 
poration, Rangoon. 

Superintending Engineer, Third 
Circle, Lahore, 



Date of 
election. 

Name. 

Address. 

24,6.1936 

Tripatlii, S. N. 

Assistant Engineer, P. W. D. 
Khamgaon, (Berar). 

18.5.1937 

Trollip, A. f>. 

General Manager, The Bombay Elec 
trie Supply and Tramwa^ Co 
Dimited, Electric House, ' Fort, 
Bombay. 

3.3.1936 

Turab, Mohamad Abn 

Superintending Engineer, P, W. D., 
Medak, Nizam’s Dominions. 

3.3.1936 

Turnbull. \V. J. 

C/o Shalimar Tar Products (1935^ 
Limited, P. 0 . Box No. 194, 
Bomba jf. 

3.3.1936 

Tweed, Rathlin J. C. 

Works JIanager, Braithwaite ic Co. 
(India) Limited, Calcutta. 

3.1.1939 

Tyabji, S. B. 

Chief Engineer, P. W, D., Jammu, 

3.3.1936 

Vagh, Balwant Vitbal 

Road Engineer, Bunnah-Shell Oil 
Distributing Company of India 
Limited, Bombay. 

1.12.1937 

Vaisilinav, S. fr. 

Personal Assistant to the Chief 
Engineer, Baroda. 

30.9.1936 

Vakil, Rai Sahib N. H. 

District Engineer, P. 0 . Motihari, 
Cliamparan. 

3.3.1936 

Varma, Rai Bahadur 

A. P. 

Chief Engineer, Bikaner State, 
Sri Ganganagar. 

3.3.1936 

Varma, R. L. 

Executive Engineer, P. W. D., 

K. audj. Hills Division {As.sani), 
%Shillong. 

3.3.1936 

Vaswani, G, B. 

Assistant Engineer, Roads, Karachi 
Municipality, Karachi. 

3.3.1936 

Venkatakrishnan, Rai 
Bahadur Lakshmi- 
narayana Aiyar 

Superintending Engineer, Bellary 
Circle, Bellar}*. 

X 3 v 3 ' 1936 " 

Vesugar, J. 

• Under Secretary to the GpYerament 
of Punjab, P. W. D,, BuilMng and 
Roads Branch, Lahore. 

3.3.1936 

Vipan,’ A„ C.I.K, 

Chief Engineer and Secretary’ to thee 
Government of Orissa, P. W. D., 
Cuttack. 

18.7,1938 

Viraraghavan, E. 

Diviaonal Engineer, H.E.H. Nizam's 
P. W. D., Handed. 



Olate of 
election. 


Name. 


Address. 


130 


3*3-I936 Wadley, K. L. H. Executive Engineer, Viceregal 

Estates, New Delhi. 

13.9.1937 Wale, N. IJ. Engineer, ^lunicipal Borough, Hubli, 

District Dharwar. 

18.6.1936 Walker, Brigadier E. C. Chief Engineer, Southern Command, 

Poona. 

3.3.1936 Walker, W. F., M.C. Superintending Engineer, P. W. D. 

Lucknow. 

3 - 3 *I 936 Warren, P. F. S. Director, Jessop & Co. Limited, 

93, Clive Street, Calcutta. 

29.5.1936 Wellwood, F D. Chief Engineer, Mayurbhanj State 

Baripade (Eastern States Agency). 

1.5.1936 Whishaw, Lt. Col. Commanding Royal Engineer, 

W.B., O.B.E., M.C., Independent, Brigade Area, Karachi. 

3.3.1936 Whitby, A. B. Executive Engineer, P.W.D., Hoilem, 

Burma. 

17.5.1937 Willcocks, H. Superintending Engineer, Central 

P. W. D., New Ddlii. 

3.3.1936 Winkler, L. A. H. Superintending Engmeer, Mysore 

P. W. D., Cunnigham Crescent, 
Bangalore. 

10.7.1936 Wooltorton, F. L. D. Executive Engineer, Shwebo Dhdsion, 

Shwebo, Burma. 

ri.g.1939 Zaman, Chowdhnrj' Sub-Divisional Officer, P. W. D., 
Imamuz Jorhat. 

13.9.1937 Zutshi, M. N. Engineer, District Board, Gorakhpur. 

.■Associate MsainERs. 

20.12.1937 Armitage, Edgar C/o Messrs. Grindlay & Company, 

Bombay. 

29.2.1936 Chinoy, C/o The Bombay Garage, Chon'patty, 

Nurmohamed M. Bombay. 

27.10.1937 Da^ddson, J. C. F. C/o Messrs. Bird & Co. Oriental 

Buildings, Lahore. :. 

ZI.2.1938 Ford, T. S. Cio The General Motors (India) 

Limited, Bombay. 

C/o D. Walie and Co. Konnagar, 
District Hoogly. 


25.11.1938 Ha3nvard, E. 
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Date of 
dection. 

Name. 

Address. 

18.3.1936 

James, Hugh 

Burmah-Shell House, Ballard Estat 
Bombay. 

29.2.1936 

Kerr, W. H. 

District Sales Manager for Northern 
India of Bitumen Emulsions (India), 
Limited, C/o The Rawalpindi Club, 
Rawalpindi. 

r.6,1939 

Khau, Nasrat 
IMoliammed 

Secretary, Law and Justice, Jaora 
Durbar, Jaora. (Central India). 

10.1.1939 

Malani, C. T. vS. 

C/o Messrs. Standard Vacuum Oil Co„ 
Finlay House, Karaclii. 

29.2.1936 

Marschalko, 'fh. C. 

C/o Caltax Company (India) Limited 
Bombay. 

29.2.1936 

Moss, G. L. W. 

Teclmical Service Manager, Dunlop 
pndia) Limited, 39, Free School 
Street, Calcutta. 

25.2*1939 

Mtinday, P. 

C/O Buimah Shell Oil Storage and 
Distributing Co. of India Limited, 
Calcutta. 

29.2.1936 

Ormerod, H. E. 

Forbes Buildings, Home Street, 
Bombay. 

30.9.1936 

Pcunyquick, J. R. 

C/o Messrs. Birch Mar\'c and Co, 
Limited, Bagdad (Persia). 

20.9,1936 

Smitli, J. W. 

C/o Standard Vacuum Oil Company, 
Calcutta. 




TO advertisers. 


Name of the Advertiser 

Products, etc. 

Pages. 

.Associated Cement Companies, Ltd. 

1 

Cement 

(i), (H) 

& (ix) 


tion Company, Uld. ■ . 

Buimali Shell Oil Stoiagc and Distribut- 
ing Company of India, Ltd. . . 

Ford Motor Co. of India, Ltd. . . 

General Motor.s India, Ltd. 

/ Hindiisthan Engineering & Construction 
Conipanv 

Indian Roads Congiess 

Imperial Chemical Industries (India), 
Limited 

John Fowler & Co. (India), Ltd 
Kiupp Indian Trading Co., Ltd. 
Lawrence & Maso Ltd. 

Maishall Sons & Co. (India), Ltd. 
Millars' Timber & Trading Co,, Ltd. 
.Shalimar Tar Products (1035), Ltd. 
Standatd-Vaciiutn Oil Co. 


Licensees for Frank! Piles and 
General Engineering Con- 
structions 


I 


Rond Surfacing Materials 
Motor T rucks . . 

Motor Trucks . . 


(iii) & (iv) 

(xviii; 

(\ii) 

(xiii) 


Engineers, Builders and Con- (vii) 
tractors 


Publications foi .Sale . . 


iviii) & 
(KVii) 


Dunlop equipment for Vehicles w) 
i Steam and Diesel Road Rollers I < vi ) 

i Keinna Die I Rollers. 

1 

j Surseying Instruments 
1 M.irshall Road Rollers 

I 

j Road Plant 
} Road Tar 

I 

i Road Sitrfaring Materials 


' 'civ) 
i Nvii ) 

('0 

(vvi) 

(V) 

(xi) 


For particulars of advertising space in the Proreedings of the Sixth Indian 
Roads Congress, which will he printed sometime in June or July, 1940, please com- 
municate with : — 


The Secretary, 

IwUan Roads Congress, 
NEW DELHI. 


